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FOREWORD

Purpose of the Environmental Studies

The National Environmental Policy Act of 1969 directs that all agencies
of the Federal Government "include in every report on proposals for legisla-
tion and other major Federal actions significantly affecting the quality of
the human environment, a detailed statement . . . on the environmental impact
of the proposed action." The Act deals only with proposed actions. However,
in keeping with the spirit of the Act, the U. S. Army Corps of Engineers has
developed its own policy that requires such reports on projects it has com-
pleted and for which continuing operational and maintenance support are re-

quired.

In keeping with its policy, on January 15, 1973, the St. Paul District
of the U. S. Army Corps of Engineers contracted with the North Star Research
and Development Institute to prepare a report assessing the environmental
impact of the Corps of Engineers' operations and maintenance activities on
the Mississippi River from the head of navigation in Minneapolis, Minnesota
to Guttenberg, Iowa. Included also are the Minnesota and St. Croix Rivers
from their respective heads of navigation at Shakopee and Stillwater, Minne-
sota to the Mississippi River. This portion of the Mississippi River basin
will subsequently be termed the '"Northern Section' of the upper Mississippi

River, or the "study area”, or the St. Paul District.

The Corps of Engineers has been active in the Northern Section since the
1820's, when they first removed brush and snags from the river to permit navi-
gation as far north as Fort Snelling. Later in the 1870's, further improve-
ments were made, primarily through construction of wing dams, to deepen and
maintain the channel. Presently, the river in the study area consists of a

series of pools, which were created by the construction of navigation locks

and dams in the 1930's. Several recreation areas along the river were also

built by the Corps.
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The purpose of the envirommental impact study is to assess the impacts,
both positive and negative, of the Corps' activities on the Northern Section.
In addition, the study is to provide a broad background of information for
periodic reassessment and more detailed analysis of impacts. The activities
are defined as operations and maintenance activities and mainly include oper-
ations of facilities (locks and dams) and maintenance of the navigation chan-
nel (dredging). Although the environmental impacts of earlier operations are
also being sought, most of the information will concern the impacts of the

present nine-foot navigation system.

The studies are designed not only to identify the impacts, but to as-
sess their effects on both the natural and social environment. Such impacts
may include effects of river transportation on the area economy, effects of
creation of the pools on recreational activities and wildlife habitat, effects
of dredge spoil disposal on the natural ecosystem and on recreation, and many
others. As a result of identificatlion and assessment of the impacts, it will
be possible to suggest ways of operating the facilities and maintaining the
navigation and recreation system to amplify the positive and minimize the
negative results of the Corps'activities. The study will provide a comprehen-
sive basis for the St. Paul District to prepare an environmental impact state-
ment consistent with the National Environmental Policy Act of 1969 and the
policy of the U. S. Army Corps of Engineers.

Scope of Current Report

‘ The present report covers the entire study program only from January,
1972 through Ncvember, 1973. The report contains both historical information
and data collected in the field from activities such as water quality investi-

gations and sampling of riverbank vegetation.

Research Approach

Three aspects of the research approach used in the study are: (1) the

benchmark point in time, (2) data collection and analysis on the natural




systems, and (3) data collection and analysis on the socioeconomic activities.

Benchmark Time Period

In order to analyze the impact of the activities of the Corps of Engi-
neers on the Northern Section of the Upper Mississippi River, it is necessary ;
to select point in time which can serve as a benchmark. This benchmark is
the year activities related to the nine-foot channel were initiated. Because !
the nine-foot channel project constructed in Pool 1 began in 1930, this year .
is taken as the benchmark. The pre-project condition of the river at and up-
stream from Lock and Dam 1 is taken as prior to 1930. Wing dams were built
and Corps' activities on other channel projects took place prior to 1930. The
pre-project information was obtained from available reports and from a variety

of other sources cited at the end of each section.

Analysis of the Natural Systems

The impacts of Corps' activity on the natural environment for a given }

pool were determined by the individual investigator responsible for that par-

ticular pool. The Northern Section of the upper Mississippi River was sub-
divided into fourteen distinct segments for purposes of study of the natural
environment: Pools 1 through 10, Pool 5A (lying between Pools 5 and 6), the
Upper and Lower St. Anthony Falls (SAF) Pools (a single report covers both

pools), the Minnesota River and the St. Croix River. A segment was assigned

to an investigator on the natural sciences team as listed below:

Number of Total
River Pools Length in Principal
Involved River Miles Pools Investigator Organization ;
5 92.4 Upper and Lower  Roscoe Colingsworth  North Star
Pools, Pool 1, Research ;
Pool 2, Minne- Institute {
sota River, and Minneapolis, :
St. Croix River. MN :
1 18.3 Pool 3 Edward Miller St. Mary's Col~ ]
lege, Winona, MN !
1




4 82.6 Pools 4, 5, 5A Calvin Fremling Winona State

and 6. College, Winona
MN
2 35.1 Pools 7 & 8 Thomas Claflin Univ. of Wisc.,

at LaCrosse, La
Crosse, Wi

1 31.3 Pool 9 James Eckblad Luther College
Decorah, IA
1 32.8 Pool 10 Edward Cawley Loras College

Dubuque, 1A

Because different problems arise in different segments of the river, each in-
vestigating team used its own judgment in conducting its studies. However,
North Star —-- in conjunction with the investigators cited above -- developed
general guidelines for conducting the field studies, acquiring data, and pre-
senting the data in a final report. This required that North Star develop a
reporting format that could be used for all pool reports so that the series of

reports would have maximum utility and comparability.

Analysis of Socioeconomic Activities

The socioeconomic analysis for all pools in the study area was conducted
by a team including Dr. C. W. Rudelius of the University of Minnesota and
William L. K. Schwarz of North Star. The socioeconomic impacts were analyzed
by the same team for all fourteen segments of the Northern Section because
substantial economies in data collection were possible with this approach.
The initial data for each pool were collected and then were submitted for re-
view and updating to the investigator analyzing the natural systewms for that
pool, The suggestions of these investigators were incorporated in the socio-

economic portions of each pool report.

Report Objectives

Because the Corps is required to submit an environmental impact statement

for each pool and tributary in the Northern Section on which they carry out




operation and maintenance activities, this study is being carried out and

reported on by pool (and tributary).

The present report deals only with Pool 1 on the upper Mississippi River,
described in detail in subsequent pages. Background information that applies
to two or more pools in the study area appears as a portion of each appropri-
ate report. This is necessary since the report on each pool must be capable
of being read and understood by readers who are interested only in a single

pool.

The overall objectives of this report are to identify and provide an as-
sessment of the impacts of the Corps of Engineers activities related to Pool
1. Specifically following this section, the report is in the format required
for the Environmental Impact Statement, and seeks:

1. To identlify the environmental, social, and economic impacts of the

Coxrps' activities related to Pool 1.

2, To '‘entify aad, where possible, measure the beneficial contributions
and ~tvimental aspects of these impacts and draw overall conclusions
about .ne net effects of Corps' activities.

3. To recommend actions and possible alternative methods of operations
that should be taken by the Corps of Engineers and other public
agencies and private groups to reduce detrimental aspects of the pro-
ject.

4, To identify additional specific research nceds to assess the impacts
and increase the net benefits of Corps' operations.

The report includes an analysis of natural and socioceconomic systems. The
natural systems include terrestrial and aquatic plant and animal life as well
as the nature of the land and quality of the water. Socioceconomic systewms in-
clude industrial activities, such as income and employment generated by bharge
traffic or activities in operating the locks and dams and commercial {ishing;
recreational activities, such as fishing, boating, or hunting that are affec-

ted by Corps' operations; and cultural considerations, which include archaeo~

logical and historical sites.
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1. PROJECT DESCRIPTION

The present Corps of Engineexs' projecct in Pool 1 (Mississippi River

Mile 853.3 to 847.6, Figure 1) consists of the operation and maintenance of
a dam and two locks and maintenance by dredging of a navigation channel of
nine-foot minimum depth. The Corps' facilities include: (1) a fixed-crest
dam, with provision for hydroelectric power production; (2) two navigation
locks; (3) a control station, observation platform, guide walls and other
structures; and (4) masonry to protect the bluff. The operation of these
facilities provides for the passage of commercial and pleasure craft. Main-
tenance includes dredging the channel to assure the minimum depth, clearing

of debris, and repairing the locks and dam.

AUTHORIZATION

The present nine-foot project was authorized by Congress by the Rivers
and Harbors Act of July 30, 1930, as amended by Public Resolution No. 10,
February 24, 1932, and by the Act of August 26, 1937 (See Table 1). Lock
and Dam 1, completed in 1917 as part of the six-foot project, was modified to
accommodate nine-foot~draft traffic in 1930. A second lock was added in 1932
on the landward side of the original lock. Additional acts have provided for
locks and dam operation and care, harbor enlargement and channel dredging,

and park and recreational facilities.

HISTORY

In 1824, a year after the sternvheceler "Virginia" initiated navigation to
Fort Snelling, Congress authorized the Corps of Engineers to improve navigation

of the Mississippi River by removing snags, wrecks, shoals and sandbars.

The first comprehensive improvement of the river for navigation was autho-
rized by the Rivers and Harbors Act of June 18, 1878 (See Table 2) to obtain
a 4,5-foot channel from the mouth of the Missouri to St. Paul. The Act of 1894

extended this project from St. Paul to Minncapolis by means of two dams at Mile
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Table 1. Congressional Authorizations

Pertaining to the 9-foot

Channel (OCE, 1970).

Work Authorized

Documents

January 21, 1927

July 3, 1930,
amended by Public
Resolution 10,
February 24, 1932

January 26, 1934

August 26, 1937

December 22, 1944

March 2, 1945

Survey of Mississippi River
from Missouri River to
Minneapolis to determine
feasibility of 9-{t. Channel

Modify permanent structures
under construction to accom-
modate 9~-ft. Channel; complete
survey for 9-ft. Channel.

Chief of Engineers granted
discretionary authority to
modify plans as deemed advis-
able, construction of a para-
1lel lock at Lock and Dam No. 1
dredging at head of pool.

Operation of snagboats,
operation and care of
locks and dams.

Adopted 9-ft. project from
Illinois River to Minneapolis
dredging at head of pool.

Public park and recreational
facilities.

Changes or additions to pay-
ments, remedial works, or
land acquisitions authorized
by Rivers and Harbor Act of
August 26, 1937 (Housc Docu-
ment 34, 75th Congress, lst
Session), as Chief of Engi-
neers deems advisable.

House Document, 69th
Congress, lst Session

House Document 290,
71st Congress, 2nd
Session

None

House Document 137,
72nd Congress, lst
Session

None

None




Table 2. Congressional Authorization Pertaining
to Navigation Projects in Pool 1 Prior
to the 9-foot Project (OCE, 1970).

Rivers and

Project Harbors Acts Work Authorized Documents

4.5 foot July 8, 1878 Adopted Project from House Document 75,
St. Anthony Falls to pt. 6, 43rd Congress,
Alton, Illinois 2nd Session

5-foot August 18, 1894  Extended project from Senate Document 109,
St. Paul to Washington 53rd Congress, 2nd
Ave. Bridge by conustruc~  Session
tion of two locks and
dams

March 3, 1899 Authorized completion House Document 164,

of Lock and Dam 2 at 57th Congress, lst
Mile 850 and construc- Session
tion of Lock and Dam 1
at 847.6

6-foot March 2, 1907 Modification of Lock House Document 741,

March 2, 1919

September 22,
1922

December 4, 1928

and Dam 1 for 6-foot
channel, power develop-
ment; abandomnent of
Lock and Dam 2

Dredging a turning
basis the full width
and length of the
Minneapolis Harbor

Dredging to landings
in main river and
sloughs

Modification of Minnc-
apolis Harbor by dredg-
ing

6lst Congress, 2nd
Session

House Document 1512,
63rd Congress, 3rd
Session

None

House Document 24,
70th Congress, 2nd
Session
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847.6 and 850.0, and the Acts of 1899 snd 1901 authorizced complction of thesec
facilities. The Rivers and Harbors Act of 1907 provided for raising the
height of Lock and Dam 1 for the six-foot channel project and for power pro-.
duction. Construction was completed in 1917, resulting in the flooding and

abandonment of Lock and Dam 2 at Mile 850.

The Acts of 1919, 1922 and 1928 authorized the dredging of the Minnea-

polis harbor and to landings in the main river.

This lock was rebuilt in 1930, after the lower miter gates of the origi-
nal lock failed, to accommodate the newly authorized nine-foot deep channel,
which was authorized by the Rivers and Harbors Act of 1930 as amended and by

subsequent Acts.

MAPPING

Numerous surveys of the Mississippi River have been made by the Corps
since the mid-1860's. The Corps published a series of charts of the 4.5~
foot channcl projecct for the Mississippi River Commission (MRC Charts), show-

ing river soundings, wing dams, bottem type and land use, from 1894 to 1907.

The six-foot channel, which was authorized by the Act of 1907, was sur-
veyed by air in 1927. This survey, was published in 1930 as the "Drown Sur-
vey" and reissued as the "Flowage Charts" in 1933-34 in order to include land

use.

In 1938 the Corps published chuarts of the survey of the new nine-foot
channel, the "Continuous Survey', showing ri- or sovadings and sandbars. Sever-—
al editions followed, as "Navigation Charts", and cwphasized aids to navigation.

The current (1972) edition Is bascd on a 1264 acrial survey and presents updated

information and a more compact format than the previous edition.




CORPS FACILITIES

Lock and Dam 1, which is the sccond oldest of 28 such facilities on the.

Mississippi River, is located at Mile 847.06 near the TFord plant and the Min-
nesota 0ld Soldiers Home. It was completed in 1917 as part of the six-foot
project, and rebuilt in 1930 to accommodate nine-foot-draft vessels. A
second lock was added in 1932 on the landward side of the original lock (See

Figures 2 and 3).

i The facility presently consists of (1) the two navigation locks; (2) a

574-foot fixed-crest dam,152 feet of which has been modified for hydroelec-
tric power production (by the Ford Motor Company); (3) guidewalls, a control
station, an observation platform, and related structures; and (4) bluff pro-
tection (See Figure 4). Total cost of this facility was $6,252,334, includ- %

ing the original lock and dam, bluff protection and recreation facility.

Locks

The o0ld riverward lock was rebuilt in 1930 due to the failure of the

lower miter gates in August 1929, Originally, a structure suitable for nine-
foot~draft navigation was to be constructed based upon the design pool level
for the new Lock and Dam 2 which was then under construction. However, due
to probable seepage damages, interests in the South St. Paul stockyards area
of Pool 2 obtained a court order limiting the elevatio: *o whi~, the pool

could be raised to 685.7 m.s.l.* Later, in 1934, tio. -ourt approved the rais-

ing of the pool to elevation 687.2, which was 1.9 feet less than its designed
height. As a result, there is a depth of only 7.5 feet over the lower sill
at flat pool or about & feet at normal tailwater elevation, hence the lock
has had little use except for an occasional locking of pleasure boats, cmpty

barges, or shallow-draft towboats. [

When this riverward lock was built, its landward wall was constructed of

* Mean sea level, 1912 adjustment.
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adequate width with two emptying and filling tunnels to serve also as the
riverward wall of the second lock when it would be constructed. The land-
ward lock was built in 1931-32 as a safeguard to maintain river traffic to
and from Minneapolis. Minneapolis, as a result of the failure of the origi-
nal lock, was without barge line service for over a year, and it was deter-

mined that a recurrence should be avoided if at all possible.

The downstream sill of the newer lock has a top elevation of 677.2, pro-
E viding a depth of about 10.8 feet at normal tail water elevation; hence, this

landward lock handles practically all traffic through this facility.

The original lock was to serve as an auxiliary, but now is kept half full
in order to brace the weakened wall between the locks. Both locks are 56 by
400 feet. Each lock is closed by a pair of miter gates and the level changed
35.9 feet by gravity flow through filling and emptying ports (See Figure 4,
Sections B-B, X-X and Y-Y) by a system of valves and pipes.

Due to the use of gravity for filling and emptying the locks, only a

relatively small amount of electric power is required for the operation of

the gates, valves and lights of the lock and dam.

Dam Description

The plan and sections for the dam are shown in Figure 3 and 4. The dam
is an Ambursen-type concrete structure and for the greater part is supported

on ah alluvial fill consisting primarily of sand, gravel and limestone slabs.

A portion of the dam and apron, however, is supported on timber piling. Along
its upstream face is a stcel shect pile cutoff wall. There is also a row of
steel sheet piling along the toe of the apron as a preventive measure against

scour.

During maintenance, the crest and the downstream face was resurfaced

‘ (1949-53), and a major portion of the apron has been replaced and a baffle

'’ - . ORI | it ol Jaas. L N S
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wall was constructed on the apron to induce a hydraulic jump to overcome
serious scour below the dam. This work was completed in 1953. In 1952 the
dam was stabilized by placing sand fill in the interior to reduce the possi-
bility of failure by sliding. Three of the eight sluice gates in the dam
were rehabilitated and hydraulic machinery to operate them was installed in
1954. Under present pool conditions, the dam maintains a normal head of
about 38 feet during the navigation season and about 36 feet during the win-

ter season. In general, the dam is in good condition.

Winter Operations

In order to clear ice from gate pockets, an air bubbler system is pro-
vided at the upper and lower miter gates, and heaters have been installed on
both miter gates. The heaters, in the side and bottom seals, consist of im-

bedded tubes containing a heated and circulated antifreeze solution.

Due to extensive erosion of the sandstone bluff and adjacent to the land-
ward lock, it was found necessary to protect the exposed sandstone with a pre-
formed concrete section retaining wall. Work on this wall was completed in
1956. A contract for 210 feet of protection of exposed rock above the mason-
ry was completed in August 1965. A contract for a final 1,064 feet of pro-

tection was completed in November 1966.
Lands

Land in Pool 1 owned or controlled by the United States Government:

Fee title 32.80 acres
Flowage easement 263.67 acres
Total 296.47 acres

CORPS OPERATIONS AND MAINTENANCE

The project now consists mainly of the operation and maintenance of Lock

and Dam 1, and the maintenance of the navigation channel by dredging of

2
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accumulated scdiment to maintain a minimum nine-foot channel, 200 feet wide.

Occasionally the Corps also dredges the Minneapolis harbor at Mile 852.6.

Lock and Dam Operations

Lock and Dam 1 was built to the minimum elevation necessary to maintain
low flow navigation of the channel, in order to minimize flooding of adjacent
lands. The low dam elevation and small pool capacity relative to flood vol-

ume prevents operation of the dam for flood control.

Pool elevation is maintained at 725.1 feet above mean sea level (1912
adjustment) when the 2-foot high flashboards are in place. During the win-
ter and floods, these boards are lowered, allowing pool elevation in winter

to drop to 723.1 {eet.

Locking Prioritics

A priority system for vessels locking through has been established by
the Secretary of the Army, as follows:

1. U. S. Military vessels

2. Vessels carrying U. S. mail

3. Commercial passenger ships

4. Commercial tows

5. Commercial fishing boats

6. Pleasure boats

Channel Maintenance

During the year, changes in hydraulic efficicncy of the river (i.e., its
ability to maintain in suspension continually its load of scdiment) along the

length of its channel results in areas of sediment accumulation in Pool 1.

These areas are dredged by the Corps of Engineers to remove this hazard to com-

mercial navigation, using clamshell dredges such as the Derrickbarge 767.




Dredging and spoiling arc carricd out by one of two procedures, depend-

ing on the proximity of the dredge site to the spoil disposal site on the
shore. If the shore is within reach of the boom of the clamshell dredge,

the dredged river sediment is cast directly upon shore. Alternatively, when
the dredge is beyond reach of the spoil site, the sediment is cast into barges
and towed to the spoil site (See Figure 5). At the spoil site the sediment

is dropped back into the river by releasing the side gates on the barge (See
Figure 6). The sediment is then redredged by another clamshell dredge (D.B.
771) and cast upon the spoil site, whereupon it is pushed away and levelled

by bulldozers (See Figures 7 and 8).

Dredging to maintain the nine-foot chanuel in Pool 1 by the Corps began
in 1938, It has since produced annually an average of over 125,000 cubic
yards, or 22,000 cubic yards annually per river mile (See Table 3). This
volume per mile is the highest in the St. Paul District (Table 4). Most of
this sediment is spoiled either on the left (east) bank down from the Frank-
lin Street Bridge, or on the right (west) bank downstream from the Lake Street
Bridge. Apparently there is a trend to smaller volumes of sediment dredged
in Pool 1 since 1954 (See Figure 9). However, in certain years larger vol-
umes were produced, especially after the floods of 1965 and 1969. Another
trend, evident in Figure 1 (Appendix A, IV), is the progressive downstream
aggradation of the river bottom in Pool 1, and subsequent need for dredging.
Thus dredging in the 1940's was necessary betwcen Mile 850 to 853; in the 1950's,

from Mile 849 upstream; and in the 1960's to prescnt, from Mile 848 upstream.

‘The large volume of spoil removed from Milc 852 in the early 1950's is
probably due to the construction of Lower St. Anthony Falls Lock and Dam and
the floods of 1951 and 1952, The latier {lood 2lso ncecessitated the recon-

struction of the Upper St. Anthony Falls Dam.

Changes in total area of islands, water surface and spoil were completed I
from 1895 and 1935 survey maps (MRC, 1895; Corps of Engineers; 1935), and from
1973 aerial photos (S.P.D.~NCS, 1973a). Between 1895 and 1932, during which




Figure 5. The Clamshell Dredge Derrickbarge 767 Deepening
the Nine-Foot Navigation Channel on the Mississippi
River. The spoil is Dropped into Waiting Barges
which Transport it to the Spoil Site (Colingsworth)

Figure 6. Spoil Barges Showing Side-Mounted Gates for

Dropping the Spoil at the Spoil Site (Colingsworth)
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Figure 7. The Clamshell Dredge Derrickbarge 771 Redredges
the Spoil Dropped by the Barges and Casts it
onto the Spoil Banks. Note the Figures in the
Right Foreground (Colingsworth)

Figure 8. The Newly Deposited Spoil Piles are
Levelled by Bulldozer (Colingsworth)
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Figure 9. Annual Volume of Sediment Dredged from Pool 1

(S.P.D.-NCS, 1973)
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Table 3. Annual Volume of Sediment Dredged in Cubic
Yards, in Pool 1 from 1938 to 1972
(S.P.D.-NCS, 1973).

r
|
I
!
Ld:ZA ISP

3 Volume Dredged Volume Dredged
Year Cubic Yards Year Cubic Yards
1938 40,518 1955 57,839
1939 30,864 1956 84,448
1957 174,993
1940 221,314 1958 48,020
1941 28,381 1959 43,256
: 1942 103,378
j 1943 192,271 1960 33,477
1944 97,464 1961 19,162
1962 32,963
i 1945 361,840 1963 63,932
‘ 1946 85,005 1964 2,921
1947 118,321
1948 129,434 1965 346,780
1949 42,131 1966 97,780
1967 78,875
1950 222,056 1968 26,253
1951 173,702 1969 301,184
1952 406,076
1953 196,991 1970 72,983
1954 173,870 1971 68,921
1972 219,999
Annual Average 125,640

Annual Average/River Mile 22,042

e B T A g
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Table 4. Quantity of Sediment Dredpged per Year from the Missisoippi River
and Navigable Tributaries in the St. Paul Eugincers Dictrict
(Calculated from data from S.P.D,.=-1CS, 1973)
Average Annual
Average Annunld Volune Per Yom
Volume Per Year Per River Mile
Pool or Tributary (o cubic yards) (n_cubic yards) 1
b
St. Anthony Falls 23,522 5,470
: 1
Pool 1 125,640 22,042 5
Minnesota River 12,253 834 i
Pool 2 175,126 5,422
i ! T
!
St. Croix River 40,836 1,667
] Pool 3 112,187 6,130
Pool 4 487,836 11,062
Pool 5 235,969 16,052 1
Pool SA 152, 302 15,865 i
Pool 6 95,371 6,716 ;
|
Pool 7 150,303 12,738
Pool 8 282,549 12,127
Pool 9 155,000 4,984
Pool 10 94,313 ‘ 2,875
Total Annuval Volume, -
Total 14 St. Paul District 2,143,207
Average Annuat Averace Annual

Volume per Pool 153,086 Volume per Mile 8,850
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time Lock and Dam 1 was built to it-. present elevation, the water surfiace
arca incrcascd 104 percent, from 268.8 acres to 548.6 acres (Table 5). Dur-
ing this period the total area of islands decreasced from 72.0 a:res to less
than 1 acre. Between 1932 (a drought year) and 1973 (during spring high
water) the water surface inercased 27 percent, {rom 548.0 acres to 695.7
acres, while spoil areas incrcased from 0 to nearly 46 acres. Presently

there arc no islands in Pool 1.

Bridges

Nine railroad and automobile bridges span the Mississippi River in Pool
1 (See TFigure 1 in Appendix A,II). Seven of these bridges are located in the
upstream, more urban-appearing portion of the pool, from the Milwaukece Road
Railroad Bridge (near the Shriners' Hospital) and 1-35W Bridge (adjacent to
the Cedar Avenue Bridge). Vertical clearance of the bridges range from 29.4
to 101.1 feet above norxrmal pool elevation (725.1 feet, mean sea level, 1912

data) (Table 6).

Table 5. Changes in arca of water surface, islands and
spoil in Pool 1 bLetween 1695 and 31973

Year Water Surface Arca % Change Tsland Arca Spoil Arca

1895 268.8 T 72.0
1047
1932 548.6 1
27%
1973 695.7 45.7




!'lln!l!!-!lnumm—un L

Table 6. Upper Mississippi River Bridges
Pool 1, Mile 847.6 to 853.3
(S.P.D.-NCS, 1969)

Miles Height (feet) (3)
Above Type Year  Above Project Pool
Ohio Bridge of Use Comp. Elevation (725.1)
River Location Struct., (2) (4) (1) Owner
853.25 Mpls.-Cedar Ave. Truss H  Un.Const.(N) - Minn. Dept. of H.
(I-35W)
853.15 Mpls.-~Cedar Ave. Conc. H-p 1929(R) 101.1 City of Mpls.
Arch
853.0 Mpls.-Nr. U. of Truss R 1924 29.4 N.P. Railway
Minnesota
852,69 Mpls.-Wash. Ave. Girder H-P(5) 1965 70.1 Minn. Dept. of H.
851.8 Mpls.-Dartmouth Girder H-P 1964 64,87 Minn. Dept. of H.
Ave.
851.5 Mpls.-Franklin Conc. H-P 1923 93.94 City of Mpls.
Ave. Arch
850,7 Mpls.-nr. Shriners' Truss R 1902 76.2 Milwaukee R.R.
- Hospital
849.9 Mpls.-St. Paul-Lake Steel H-P 1888 78.2A Mpls. & St. Paul
Street Arch
847.8 Mpls.~-St. Paul-~ Conc. H-P 1927 85.8A Mpls. & St. Paul
Ford Pkwy. Arch
Operation of movable bridges is governed by Code of Federal Regulations, Title 33,
Chapter II, Sections 203,555 and 203.560 (g) (13).
(1) All elevations are mean sea level (1912 adj.).

(2) H-Highway, P-Pedestrian walks, R-Railroad.
(3) A-Crown of arch. !
(4) N-new bridge, R-remodeled.

(5) Pedestrian deck above vehicular deck.
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2. ENVIRONMENTAL SETTING
NATURAL SETTING

The present natural environmental setting includes the project from the
construction of nine-foot channel in 1930 to the present because this is an
ongoing project. The environmental setting without the project, in this
case prior to project construction, must be reconstructed from publiched in-

formation.

Ecosystems

The ecosystems of the upper Mississippi River and its valley in Pool 1
may be divided into several reaches and into various components or subgroups
for more detailed description. Thus, Poul 1 may be divided into two reaches:
(1) the Upper Reach, that portion from St. Anthony T'alls to just below the
Washington Avenue Bridge in which the banks are crowded with buildings,
bridges and industry; and (2) the Lower Reach, that stretches from just below
the bridge to Lock and Dam 1, containing mostly undeveloped banks, recre-
ational areas, and dredge spoil deposits (See Figures 10A and B, 11, 12 and
13A and B; also Figure 1 in Appendix A, IV).

The various elements of Pool 1 ecosystems have been divided into two
aspects: physical and biological in this report. The first is the physi-
cal aspect, including geologic, climatic, and hydrologic components. The
section on biological aspects or systems includes floral and faunal compo-

nents as part of terrestrial and aquatic ecosystens.

It cannot be overstated, however, that such divisions disguise the often
numerous and complex interactions between components within these river valley
ccosystenms as well as with components eclsewhere ian the watcrshed. Thus, wher-
ever possible, the characteristics of components in Pool 1 will be discussed
in relation to the Twin Cities aréa, as well as to the entire drainage basin.
Interactions with areas outside of the basin may be dcalt with in a very gen-

eral manner.
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Figure 10A. Aerial View Upstream of the Upper Reach of Pool 1, Showing
the Location of Transect 1AA and the Barge Terminals on
the West (Right) Bank of the Mississippi River Near the
Washington Avenue Bridge (Colingsworth)

_770"
—750"'
—730' road

44° 58' 30" N
93° 15' W
riprap

navigation channel

Figure 10B. Profile of Transect 1AA, Mississippi River
Mile 853.1 (Gudmundson)
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Figure 11. Aerial View Upstream of the Lower Reach of Pool 1. A Dredge Spoil
Bank of the Mississippi River Downstream from Franklin Avenue Bridge

44° 57' N
93° 13' W

dredg;\"—*——-___.~__________,,/'dredge spoil

spoil navigatior channel

Figure 12. Profile of Transect 1BB, Mississippi River Mile 851.1 (Gudmundson)

v



-30-

Figure 13A. Aerial View Downstream of the Lower Reach of Pool 1.
Dredge Spoil Piles are Located on the West (Right)
Bank at the Lake Street Bridge. Transect 1CC is
Located just Upstream from the Ford Bridge in the
Background (Colingsworth)

‘-. I : , 44° 55' 05" N
EM,...,A.\_WL.-" : : 93° 12' W
- A = K\
navigation channel
Figure 13B. Profile of Transect 1CC, Mississippi
River Mile 848.0 (Gudmundson)
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Physical Aspects

Topography and Climate

From its source in Lake ltasca downstream to Lock and Dam 1, the upper
Mississippi River has a drainage basin of 19,700 square miles (Figure 14).
This large.watershed consists principally of level to rolling terrain. Sce-
nic bluffs 100 feet or more in height occur along some portions of the River
and its tributaries. The present topography is derived mainly from drift
left by the Pleistocene glaciers and subsequently modified by erosion, plants

and animals, and more recently, by man.

Presently the climate,which is moderately continental and grades east~-
ward from dry subhumid to humid, combined with the influence of soils and
man's activities,has led to a vegetation gradient. Thus the extensive
mixed pine-hardwood forests bejeweled with numerous lakes and streams in the
northeast, give way to former prairie--now productive, open farmland in the

southwest dotted with marshes and laced with ditches and streams.

Upstream from the Twin Cities the Mississippi River meanders between
banks 15 to 25 feet high through a broad but shallow glacial outwash valley.
Then, at St. Anthony Falls it descends 75 feet and flows eight miles to Fort
Snelling through a 100 feet deep gorge scoured out by those falls. Near
Minnehaha Creek the Mississippi drops another 38 feet, at Lock and Dam 1.
Downstrcam from Fort Snelling, where it is joined by the Minnecsota River,
the Mississippi is contained by another broader but deeper valley, once

carved by a huge glacial meltwater river.

Geology

The upper Mississippi River watershed is underlain by a seriecs of Pre-
cambrian igneous and metamorphic rocks north of Big Lake, Sherburn County,
Minnesota. Downstream this basin is underlain by Cambrian, Ordovician and

Devonian sandstones and limestones to the east and south, and by Cretaccous
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shales to the southwest and beyond the watershed (Sec Figure 15 and Figure
16).

In the last million years at least four glaciers gouged their way ac-
ross these rocks and through the Twin Cities (See Figure 17), then receded
and left hills and valleys formed from drift or rocky debris which they had
transported long distances. Deposits left by the last one, the Wisconsin
Glacier, were brought in several phases, first from the northeast by the
Superior Lobe (See Figure 18). This drift consists of red sands and pebbly
deposits. Later the Granteburg Sublobe of the Des Moines Lobe brought buff-
colored sands, clays, and rock from the Cretaccous shales, more or less
covering much of the previous deposits. Such deposits, if unstratified, are
termed till; if transported and sorted according to size by glacial melt-

waters, they are termed outwash.

These several glacial advances stagnated at various times and places in
Minnesota and elsewhere, dumping huge mounds of rock, stone, gravel, sand
and clay. The mounds were formed at the terminus of the glaciers and gen-
erally conformed to their shape; thus, they are termed "end" or "terminal
moraines. Terminal moraines and other tills and outwash, which have been
subsequently modified by climate, vegetation and man, form our present soils

and topography.

Most of Minnesota lies between 1000 and 1500 feet above mean sea level,
with higher elevations in the northeast and southwest corners of the state
as well as around the Mississippi River hecadwaters and in southern Otter-
tail County. Within the Mississippi River watershed, elevations below 1000
feet border the Mississippi River and its tributarics. Sharp relief occurs
along the Mississippi, Minnesota and St. Croix Rivers where erosion has cut

through underlying bedrock, forming sharp scenic bluffs.

The valley presently occupied by Pool 1 was formed during the northward
recession of the Wisconsin Glacier over 10,000 years ago as the present floor

of the Minnesota River's valley was being lowered by a great rush of glacial
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meltwater. This was the Glacial Lake Agassiz located to the west and north.
Today, the Minnesota River and, downstrcam from Fort Snelling, the Mississippi
River, meander through this broad and deep valley, 200 to 300 feet below the

upland.

At St. Paul, near the present location of Holman Field, Glacial River
Warren plunged over a rock lcdge into a preglacial channel (See Tigure 19);
other preglacial valleys were apparently filled with sediment. This falls
receded upstream to the gite of the present Yort Snelling, where it divided.
The main falls soon became extinct when it encountered auother preglacial
valley about three miles up the present Minnesota River. The St. Anthony
Falls were born as the River Varren Falls eroded past a tributary: the
present Mississippi River. Similarly, as St. Anthony Falls receded upstream
from Minnehaha Creek, Minnehzha Falls began. As the larger St. Anthony Falls
eroded the soft St. Peter Sandstonc from under the harder Plat:.ville Lime~

stone, the decep gorge was formed in which now lics the present Pool 1. These
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soft rock formations are exposed along the river bluffs in Pool 1. These
and deeper formations dip about 20 feet/wile tovard a low point on the Mis—
sissippi River just south of the Undversity of Minnesota, forming the Twin

City artesian basin (See Yigurce 16).

Climate

The climate in the upper Mississippi River basin varies from dry sub-
humid in the west to humid near Lake Supcerior, with the Twin Cities in the
larger, moist subhumid central region. The average temperatuce varies from
about 45°F. to less than 40°F. from south to north, while the normal total
precipitation varies from less than 20 inches per year in the prairie to
more than 28 inches per year in the northeast. About 20 percent of this
precipitation falls between November and March. Average wind velocities
range from 6 to 12 miles per hour with storm winds, especially tornadoes,
greatly exceeding this. Generally the summer winds are southerly, bringing

tropical air to the region, and winter winds bring arctic air masses.

Soils

The composition and depth of soil is a product of climate, vegetation
and animals modifying parent material. Topography and exposure are also im-

portant.

The soils in the upper Mississippi River watershed vary from the north-
eastern well-leached (pedalfer) soils, which are typical of moist forests
and have a shallow organic layer, to poorly leached (pedocal) soils having
a deep organic layer in the prairice southwest.  The Twian Cities soils are
primarily pedalfer and vary from sandy clay loaws en till to loamy sands
which were deposited in slow-watcer reaches and a few small areas of clayey
soils deposited in standing water (Sce Figure 20). Vell-dirained sites and

northern exposures have lightcer soils with less organic material.




Figure 19. Map Showing Preglacial and Interglacial River
Valleys of the Twin Cities Area (Schwartz
and Thiel, 1963)

The soils along and on top of the bJuffs in Poel 1 are generally medi-
um and coarse sandy soils of variable thickness. These soils are character-
istically well-drained, acid and low in nitrate and phosphate. The slope is

under 127 and the percolalion rate is gencvally less than 10 minutes poer inch.

In the river valley, dark, organic river-hottom soils seasonally inun-
dated and poorly draincd are present only at the University river flats and
lower portion of west Riverside Park. Other low, sandy soils occur as dredged

spoil deposits at River Miles 849.50, 851 and 852.
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Groundwater

Large quantitics of groundwater are present here in the highly permeable,
surficial sand deposits. Many lakes and streams are located in these depos-
its. Rapid removal of groundwater from these aquifers generally induces water
to move from the lakes and streams. These aquifers supply 95 percent of the
water outside of the large cities. They are similar in chemical composition
from the Mississippi headwaters to the Twin Cities, except that in the Cities

they have only 1% to 10%Z of the iron content.

In the Twin Cities and 13 surrounding communities, the Mississippi River
supplies the water. However, there are also a large number of wells in this
area which are used mainly for industries and air conditiomers. Total ground-
water consumption was 200 mgd (million gallons per day) in 1970, estimated to
be about 1/4 the total sustainable yield. The Prairie du Chien formation of
Jordon Sandstone supplies about 75 percent of this water, while the Mount
Simon-Hinckley Sandstones supply another 15 percent. The former aquifer sup-
plies a medium hard water (average 412 ppm hardness as CaC0q in 1961) from
350~ to 450-foot depths. It also contains more dissolved solids, sulfates,
and bicarbonates, but lower iron and chloride than the lower (1000 foot) Mt.

Simon-Hinckley aquifer (USGS, 1970).

Potentiometric studies (1970-71) of the water surface in the Prairie du
Chien-Jordan aquifer in the Twin Cities indicate two groundwater recharge
areas (See Figure 21). These include mainly southwestwardly inflow from an
area bounded by White Bcar Lake to just west of Afton. Southcastward and
eastward inflow through Lake Minnetonka area constitutes the second ground-

water supply to Pool 1.

Hydrology

Runoff in the upper Mississippi River basin varies from one inch in the
westernmost extent to eight inches in the northeast, with four to five inches

in the Metropolitan area. Evaporation is greatest in the southwest, at 34
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inches, and decreases to less than 24 inches in the northeast. The Twin

Cities lose about 30 tc 31 inches per year by eviporation. Some runoff is
! Y Y i

stored in six upstrecam reservoirs, built between 1861 and 1912 to augnent
low flow for navigation. After construction of the locks and dams and cs-
tablishment of the nine-foot channel, this higher minimum flow was used to

offset pollution.

Average (1907 to 1945) daily discharge of the Mississippi River at St.
Anthony Talls is 5,510 cfs; this data provides a rcasonable estimate since
only a few intermittent tributaries cnter Pool 1. Maximum discharge was
91,000 cfs in 1965 and the minimum was 462 c¢fs in 1934. The greatest dis-
charge of record prior to construction of Lock and Dam 1 was 73,500 cfs in
1881.

The average water velocity in Pool 1 is about 0.5 mph at normal stage,

but may reach 5 mph at extreme high discharge.

Since navigation is not feasible at discharges greater than 40,000 cfs,
bridge clearances are based on the river elevation at this stage. The mini-
mum horizontal clearance of bridges at this discharge is 160.0 fect and 32.4

feet vertically at the Northern Pacific Railroad Bridge at Mile 853.0.

Biological Aspects

Terrestrial Vegetation

The native vegetation in the Upper Mississippi River watershed located
in Minnesota and western Wisconsin formed a gradient firom tall-grass prairie
in the southwest to deciduous (hardwood) forest to mixed deciduous—coniferous
(hardwood and softwood) forest to the northeast (See Figure 22). Contact
zones between the plant communities occurred as mosaics of peninsulas and
islands rather than as distinct, separate belts. Climate, topography, expo-

sure, soils, animals, fire and human history are important determining fac-

tors in vegetational pattern.
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The Twin Cities area lies in an island of prairie vepetation, where un-
disturbed, in a westward-extending peninsula of mixed deciduous—-coniferous
forest (Minncsota Department of Conservation, 1965). 1t consists of whitc
pine, yellow birch, and maple on heavier soils, and red and jack pine on
sandicr sites. On sandy soils to the northwest of the Twin Citics, there
is an island of the dricr deciduous forest. Small to medium-sized oaks pre-

dominate in this forest.

West and south of these forests lies the tall-grass prairie region which
included bluestem and bunchgrasses and a rich assortment of nitrogen-fixing
legumes. This prairie has built up the soils of this area to a rich level of
productivity. Urban and agricultural development has disrupted or removed
nmuch of this vegetation on the level uplands. A few small patches are pre-
served in the park area on the bluff top on the right bank of Pool 1. Size-
able segments of Phragmites-dominated prairie probably remain in drier bottom

lands and steep-sloped terrain.

A cross-section from the river, across the floodplain and up the bluff
face, shows vegetational zones representative of Pool 1 (See Figure 23). The
vegetation changes from rich, moist grassy meadows and bottomland woods to
northern hardwood forest, then dry upland forest near the top, to prairie

grasses on the dricr blufftop.

On the floodplain in the Twin Cities arca, exposed sand and mud deposits
become vegetated by herbs such as teal grass, millet, smartweed, and others
(See Table 7, Wallace et al., 1969). This herb layer continues under the
river bottom forest, which consists of elm, maple, willow, cottonwood, and

other trees.

In Pool 1 the few acres of floodplain are located in the upper recach of
the pool and are occupied by a park, parking lot or industry. On the left

band of transect 1AA is the University of Minnesota's coal dock, behind which

is a rocky slope, towered over by a cliff of Plattcville limestone (See Figures

24 and 25; See Table 1 in Appendix A IV).

oA
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Silver maple

g e,
- . ’

Figure 23.

N

"

Nl

Typical Vegetation Zones Along a Transverse Section
from the River to the Bluff Top (Lavrence and Gudiaundson, 1973)
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Vegeration Comnon to the Hebitats of the Upper Miuscicocippid

River Valley and Bilufi Tops in the Twin Cities Arca

(Wallacce, Mclarg, Roberts and Todd; 196Y)

Habitat Type

Mad{lats, sandy
shores

liver—botton
forest

Upluand hardwoods
(Big Woods and
aspen-birch)

Dry oak savanna
and dry uvplands
(oall opendngs,
barreas and

sopen--oal), and
tranGiiion Zouvs

Brush praivic

Grassy mecadows
(prairic)

Occurycace and Succeics

Rare in the metropnlitan arvca. Often included in the

viver-hottom catepory.

Varics greatly.  Sewn areas contain sparlveeds, wild
millet, {al) panicum, teal grass and cocklcbur,

Forests that occur adjacent to the rivers and mainly

on floodplains, }

. ¢
Woody: c¢lm, ash, cottouweod, box cldey, onks, basc- i
‘wood, naple, willow, aspen, hockbervy, with occasicnal ‘
pinces and arbor vitae in Lhe pine region. i
Herlbaccous:  some smartweed, wild millet, fall g

panicum, teal grass,” and cocklebur.

Woody: "Big Woodst--oaks (Lur, white, red, and black),
elm, basswood and maple dominant; with ash, bornbean,
spen, bireh, wild choerry, hickory, butternut, black
walnut.

spen-birch--eventually become hardwood forests, in-

cludes ash, elm, maple, bassvood and oaks,

Woody: oak openings and barrvens--scattored trees and
proves of oaks (mostly bur oak) of scrubby form with

some brush and thickets and occasionally with pincs.

). .

Aopen-0nt temds aonea, pencyally donse, butoounll o da
h

-

most pleces, with centtoered ortes and Tov ol LGy,

and basowond,

Cracs cnd brosh of aopen, boalos =08 Tend o8 o 130U
oalt and heaod dn tiee north) but wodnly ook and hos !

in the south,

Villow prairie (prairic with clumps of willows), grass.




Figure 24. Left Bank of Transect 1AA, Mississippi River

Mile 853.1. University of Minnesota Coal Dock
is in the Foreground (Colingsworth)

__770'
—750' 44° 58' 30" N
-—730' road ) 93° 15' W
; riprap
navigation channel
b= O] Transect =
28° 4— =I—b b b =P 208°
=l gr sa,gr gr =
L/B Transect 1AA River Mile 853.1 R/B
left right '
bank bank
Figure 25. Plan and Profile of Transect 1AA, Pool 1 (Gudmundson)
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Both riverbanks are covered by spoil on Transicet 1Bb and are necarly de-
void of vegetation (Figures 26 and 27). Behind thie spoil is a dirt and rock

slope towered over by cliffs of St. Peter sandstone and Ulattevillelimestone.

The left bank of Transcct 1CC is similar to the banks at 1BB, but lacks
the spoil (See Figures 28 and 29). 7The right bank consists of limestone
blocks forming a sloping wall about six feet high, with vegetation penetrating

the joints. Above this wall is a steep, grassy slope,

The bluff slopes have a variety of vegetation, depending on the density
of the tree canopy and amount of disturbance. Cottonwood, river maple, box
elder, red maple, green ash, basswood, and slippery elm are common tree species
on these slopes (Sce Tables 8, 9 and 10). The 1CC transect also had bitter-
nut hickory, paper birch, black locust and northern red oak. River grape and
Virginia creeper are common under the denser tree canopy and were the only

vegetation under the canopy on the left bank Transecect 1CC.
More open canopy, such as on the right bank, Transect 1CC, has more vari-
ety, including staghorn sumac, sedges, grasses, daisy f{leabane, field horse-

tail, false indigo, white sweet clover and milkweed.

Vegetation on Spoil

The zonation and succession of vegetation on the floodplain has becn
studied by George (1924) and on sandy spoil on the left bank downstream from
the Franklin Avenue Bridge by Cooper (1947). George's study dealt mainly with
plant succession on floodplain areas which produced three stages or communi-
ties:

1) the Populus-S$alix community, consisting of pioncer cottonwoods, wil-
lows and several non-woody plants growing on open gravel flats which
are flooded cvery spring but are very dry the rest of the year;

2) the Populus-Acer community, a forest made up of cottonwoods, surviv-
ing from the above pioncer community and the silver (river) maple,
located on river terraces or old flood plains in moderately moist
habitats; and
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Figure 26. View Upstream of the Left Bank of Transect 1BB, Mississippi
River Mile 850.6. The Spoil Pile is Located Just Upstream
from the Abandoned Lock Visible to the Right Center. Trees
Cover the Dirt and Rock Slope and the Brim of the Bluff
(Colingsworth)

44° 57' N
93° 13' W
dredge _7 dredge spoil
spoil navigation channel
«—+ b b E—0-0%

Transect 1BB River Mile 850.6
L/B R/B

Figure 27. Profil and Plan of Transect 1BB, Mississippi
River Mile 850.1 (Gudmundson)
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Figure 28. Left Bank of Transect 1CC, Mississippi
River Mile 848.0 Showing Tree Covered
Lower Slope and Exposed Sandstone and
Limestone Cliffs (Colingsworth)

' N |
44° 55' 05" N
93° 12' W
gt —
300' pavieation cha
-y QUi ..
b b =) 266°
mu, de mu,sa,de sa Agi
Transect 1CC River Mile 848.0 R/B

Figure 29. Profile and Plan of Transect 1CC,
Misgissippl River Mile 848.0 (Gudmundson)
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8. Plant Occurrence on the 1AA Transcct, Pool 1,
Mississippi River Mile 837. (Colingsuorth
and Cudeondson, 19733

Cucurbitaccae

Left (east) Ronlk Right (west) Bank

Cucumber fawmily P :
Yarthenocissus inserta Virginia creeper r %
Gramineae Grass fawily P i
Solidago spp. goldenrods by ;{
Rhus sp. sumac P :
Populus deltoides eastern cottonwood r
Acer nepundo box elder P

Fraxinus penwnsvlvanica,  green ash
var. subintegervima

Acer rubrum
Asclepias spp.
Compositae
Melilotus spp.
Ulinus spp
Cirsium spp.
Rumex sp.

red maple
milkweeds
Compouite family

laBiavBiaeBia-Ria-ia~ o]

swveet clovers P
elmg P
thistles P !
sorrel, dock Y

"o 30 fect 20 /¢ o

LA g d (o" I./‘ "-/’) /un'.'/;
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e

- —-.—..}-—--—-. i e {._ e e e R -
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o /0 e e /e :
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Table Y. DPlant Occurrence on the 1BB Trousect, Pool 1,
Missisaippi River Mile 50050 (Colinpsworth
and Guarandson, 1973)

est (TR T OO M
Shore— | (i Shoye- § I
Specics . Cline _fﬂ-;l_m hnu  QuLr.
Ulmus thomasi, rock eln P
Salix i sandbar willow r
Salix am loides, peach-leaved willow P
Populus _d_r_? toides, eastern coltonwond P b
Cycloloma .1L1'1pl1 cilolia, winged pigweed 27
_\_If_r_b_a_‘ cu 7, mullen 5%
Elymus canadensis, Canadian wild rye 137
Setaria VLrldl“, green foxtail 127
Taraxacun officinale, common dandelion <1%
Parthenocissus inscrta, woodbrine e 107
Gramineac, Grass family 607
Lactuca sp., wild lettuce P
riparia, riverbunk grape Y
SPP. gyldungd r
cus sp., elder P
rubra, red mulberry P
im common burdock P
Asclepias sw L“ca common wilkweed P
atoyium rugosum, whitce bonesct p p
Ulous rubra, sl ippery eclm P 257%
Glechoma hederacea, ground ivy P
Tilia awmericana, American basswood 507
Fraxinus Dmmﬂvly_anicq var.
subintegerrina, green ash 25%
Leonuris cardiaca, common motherwort p
Salecola tcenuifolia, Russian thistle r
Bare soil (sand) 607
Leaf, litter 10.. 100/ J
Yoo fldedes iunk T s T e
Ho <o T s ) &
‘ — I-—--—-.-l- ~-.]._. j-pm e ”": e i e I P, | | P
B/‘J’/{ L dvin A ‘0 AL ':'\" e
S Nt I SRR ,
Veg et fiewy o T L o 7
[V :,}7 te I
i
[l//( 7 (J'/'r L) L
b / feat
0 it g £e _v,/o R 16’0 il S
] i | ] oo ! { i
e — ..
i f Core 9/’9;/ /z‘.://ufrlé-ﬁ(
P i
co it
e 2 e e e 225
B O e e 1 -
e B d 'L_ o e R S MR '3/';,-’”'
VepariZon

Eenaiinch S Mlhttat e

e




Table 10,
Missisaippi

Plant Occurrence on the

River Mile

1CC Transcecet, Pool 1,

853.1.

(Colingsworch

and Gudmundson,

1973)

Species

Right (west) Bank

Left (east) Bank

Asclepias syriaca common milkweed P
Rhus typhina staghorn sumac P
Robinia pseudo-acacia black locust P
Gramincac spp. Grass family P
Quercus rubra var. northern red oak P
borealis
Eupe for}um Tugosum white bonesct P
Anorphin tfu1Lco;a false dindigo P
Acer negpgdo box elder P
Populus balsamifera balsum poplar P
Cypcraceae Sedge family P
Melilotis alba white swcet clover P
Avctium minus common burdock P
Erigeron annuus daisy fleabane P
Salix 3n§93£3£ sandbar willow P
EqULéétgmlékyane field horsetail P
Populus deltoides eastern cottonwood P
Acer saccharinum river maple P P
Vitis riparia riverbank grapes P P
Parthcnocissus inserta woodbrine P p
Fraxinus pennsylvanica grecen ash P P
var. subintegerrima
Tilia americana American basswood P
Ulmus spp. elms P
Betula papyrifera paper hirch P
Acer sp. maple P
Carya cordiformis bitternut hickory P
RARE TR AN ee
]
PP ,e il Foot e N So
- ] —_— - B D s
Sl S.Ley ' ! { ! 1
)'-(Dix’c I FesCAry s /c e /apc
v.m\(
Fen?( Jend v,
s #o 20 Lot 20 /» o
bl | il | 1 ..
i t { et
Alrss,

Bl \_ [

: f'm"(- or (f/ Faf reed /

,z l‘l—‘l‘f
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3)  the mature floodplain forest of the terraces, dominated by silver
maple survivors from the Populus-Acer forest, American c¢lm, and
white ash.

During the carliest piocncer ycars, cottonwoods and willows grow together on
the wet lower levels. Farther up and away from the water, the willow can

grow only in fine soil which can retain much water or in moist sand, whereas
3 the cottonwoods, with their larger root systems can reach down to the water

underncath the higher dry coarse gravel arecas.

Cottonwood sced germination is drastically affected by the time of {lood-
1 ing. For iwnstance, a large crop of cottonwoods in 1922 wuas due to an cxtreme-
ly high flood that year, which reccded and left a bare, mcist soil just when
the seeds were viable. The young seedlings of 1923, however, werce completely
destroyed by a rise of the water after germination. Because sandbar willows
reproduce by runners as well as by seed, they are not subject to fluctuations

in numbers to this extent.

More new information on floodplain succession would be useful: of the
season of seed dispersal of the major floodplain species, the rate of decline

of the spring floods, and time of deposition of spoil.

The species which will colonize dredge spoil during the season it is de-
posited depends largely on the date of deposition. If this occurs before
July 15 in the Twin Cities arca, and a thin layer of silt forms the upper-
most layer about 6 to 8 inches above the water table, prompt establishment
of trec scedlings can be expected, especially of cottonwoods, peach-leaved
willow, American elm, box elder, silver maple, and the very important shrub:
sandbar willow, This vegoetation wonld provide cnoush cover imrediately to
improve the appearance of the spoil as carly as the second yecar, and would

reduce blowing of spoil sand into the backwaters oi back into the channcel. [

The moisture gradient from the shore to the top of the spoil, as indi-
cated by the depth of dry sand, apparently results in a zonation of the de-

veloping vegetation (See Table 11, Figure 30). Bare, saturated sand recently

(Y 2 O T D A S T
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Table 1l. Vegetation Zones on Sendy Dredpe Spoil (Cooper, 1947)

Vegetation ©oZones®
Comwon Name Scicentific Nauwoe 1 2 13 TER Y 6 7 ¥
Trees
| Cottonvood Populus deltoides P P 1r
‘ Peach-lecaved willow|Salix anypdaloides P
{ Herbs
Soft-stem bulrush Scirpus validus by
f Stick-tights Bidens sp. D |
\ 280
i Barnyard grass Lchlgocl]oa crusgalli P
' Love-grass Eroprostic sp. b D
Cocklcbur Xanthium sp, P D P
Bristly foxtail Sp. D
Strong-smalling sia graveolens I
clamnyweceds
Common saltwort Salsola kali P b
Smartweed Polygonum sp. ?
* Abundance: D = dominant

¥ = prescnt

Seeese 7 z_ 2 /i

Liss.River ! I ’ “A’,/--.\A'_ . ___.-~/:"_’,_‘:.—’T:— P S a

Tt it b e e IO R

- AR ¢ " ¢ . . ” , [ »
(7»)£ \'A{e' @ o.c8" I 5 £-57 ¢ §

Figure 30, Vepetotion Zomes Slon o o o ot fven tis Micoloejasd Niver

(in Pool 1) to the Top of Sandy Dredge Spoil (Cooper, 1947)
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exposed by lowered water level (Zone 1) had a few palclics of soft-stem bul-
rush (Sce Tuble 11). As the depth of dry sand increases away from the shore
the dominant herb was sticktights (Zone 2), love-grass (Zone 3), and cockle-
burs (Zone 4). 1In Zone 5 the depth was similar to that of Zone 3 and corres-
pondingly, love-grass was dominant. 1n Zones 6 and 7 the dry sand was
successively deeper, with first bristly foxtail dominant, then a few scattered

pioneers of mainly the common saltwort at the highest elevation. Bark frag-

-

ments present in Zones 2 and 3 reduced moisture loss, cncouraging the estab-
lishment of herbs. A few cottonwvood seedlings occurred in Zonces 2 and 4, and
1 to 2 year-old secdlings were found scattered in Zone 5, with the dry ridge
1 top in Zone 4 and dryer Zones 6 and 7 lacking tree scedlings. Other sites
studied by Cooper indicated that succession from the very moist (hydric) and
very dry (xeric) culminated in the moderatcely meist (mesic) basswood and

sugar maple bottomland forest (See Figure 31; Sco Table 2 in Appendix A IV).

The effect of moisture is also secen on the 1YY transect (See Table
12), located just downstream from the spoil site shown in Figure 13A. Near
the shoreline stands a band of cottonwood saplings and a few river maple (See
Figure 32). Behind the trees is a band of snartweed and cocklebur which gives
way to love-grass and other grasses. Farther away from the shoreline the drier
spoil supports only winged pigwecd., After a bare area there are some scattered
3 small willows; closer to the bluff sand-bar willows are numerous,and farther,
cottonwood and elm. DBasswood and cottonwood dominate a low moist area just
below the west (right) bluff, perbaps an old spoil site. The herd layer be-
neath the forest canopy includes black nighshade, ground ivy, Solomon's seal,

dandclion, burdock and nettles.

A comparison of photographs ¢f spoil sites taken in 1956 and 1973 indi-
cates that vegetation of spoil by trees ncar the water is indced obvious af-
ter 17 years, however, no vegcetation prows on the hicher, drier sites (Compare

Figures 33 and 11; and Figurcs 34 and 12). Revegetation is slowed by continued

spoil deposition.
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Figure 32,

Zones of Vegetation on the 1YY
Transect, Mississippi River
Mile 849 (Senechal)
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Wildlife. Wi Jlife is diverse in the upper Micsissippi River hasin,
varying from large mammals such os moose, bear, wnd deer to small furbenrcors
such as mink and river otter (See Table 173).,  Also nuwerous pecece,diving and
dabbling ducks and other bivds miprvate throneh the watershed in Spring and -
Fall. PMore recent data (Wallace et al., 1969) rupeesits a wide diversity of

animals in the Twin Citics area (See Table 14).

Few animals occur in Pool 1 other than insccts, bivds and mon due to the
lack of habitat, frequency of disturbance and rowming domestic cats. However,
a beaver house with three individuuals has bLeen observed oa the left bank at
Mile 851.3, iu a low area between two spoil piles at the outlet of a storm

sewer.

Birds which have been reported in the Twin Cities area and their migra-
tion schedule is given in Table 4 in Appendix A, 1V. About 280 species of
birds have been sighted, of which 97 are common summey residents and nest in
the area. Another 98 species are present in small numbers, often as spring
and fall migrants. Irregularly secn bird species, i.e. single sightings,
account for another 85 species. Probably considerable numbers of these birds
frequent the varied and relatively continuous and undisturbed bluff and flood-
plain hubitats in Pool 1. The trees along the bluff faces and tops, as well
as on older spoil deposits contain numerous spring and fall migrants, and pro-

vide nesting sites for summer residents also.

Only ore bird, a mallard, was secn in Yool 1 betwecen April and Rovember,
1973, compared with 130 birds upstream in the St. Anthony Falls pools and 243
birds downstream in Pool 2 (Sce Table 15). However, numerous other birds in-
ciuding sparvrcws, blue jays, grackles and robins conld be heard in the trees

which cover the bluffs.

The rost significant difference between Pool 1 and the pools up- znd
downstream which may account for the low observed bird population, is the

lack of protected backwaters such as at Nicollet and Hennepin Islands. Fur-

ther study may reveal a larger songbird population in Pool 1 comparcd with
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Table 13. Gume Aniwals, Cance Bird:. and Furbearers
: of the Upper Mississippi River Basin, 1960
(rws, 1970)

. Alccs clees
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ARLEIODE Lo Avtitocopra e

Black bisar oLl e o Ursus e

e

BAOOSE o oe v venen e ROt D0 v iinenaneenenenen. Colnlialivie
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BINN Vieadeadh o oL P & BT Sl DL

Commaafnipe .o .. .. v Copella g

Qroashot et oo e e [ PP 08¢

ey Forzans corolin:
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1
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C.Vox Squitred Lo L.

1 t. Gray Squireel ..o, .
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Table 14

Habitat Typc

Deep marshes

Shallow wmorshes

Wel ncadows

Mud flats, sundy
shores and bogs

Wooded und shirub
SWAMPH

River bottomn
forests

Upland hardwoods

Dry cak savenna
and dry uplonds

Brush prairie

Proirie Toosd

Crinss

-05-

ool NVogetation

Vil laoo,

the pive o
the Plefftoy (atter
Robiorie, 100y

Anls Com oo toe

ol
[ D
LWANCH

froam the
1

Foltory,, votd ol

to

Shecies

snaken, Uaotleny coot, prebes, rails,

I'roses; vater
blackbivds, marsh bivda, blue=winged teal, nnllard,
herons, black tern; wuskrat, mink.

? 3 3
sy oS

Frops, tonds, and other wpbibdons avd reptildes;
coot, grebes, blueineed teal, rallard (noe

¢
1

tailed doer.

Leopard frogs, salananders, snakes, other arphibi
and reptilen; hervons, pheasant, neating watericowl,
marsh song-bivd

lay red fon, white-tailed decr.
Nesting ducks, other marsh and shore birds, songbirds;
small mawnals, deer,

Spring pecper, svarp tree frogs; woodecock, narsh aud
sony birds, herens, wood duck (uesting); siall roaents

and shrews, beaver, ninl, racoon, and deer,
b b 3

Green frog calamnndeis; snakes turtles; wood dll(‘.k53
> > H s

forest songbirds s uplimd gamebirds; cot tontail rabbit 1y
& ! > »

raccoon, gray fox, white-tailed deer.

Jood froe, salamanders; snakes, including pilot black
snake, rod-bellied sunle and Procon snzke; rufifod
flying squirvrel, veccoon, gray fox, red fox, wvhite-tailiad

deerx.

creuses

ruffed grouse, I.‘.;L-;;s;a ity spotted and striped

Snaties: I
te-tailed deor.

<y
clhuanks, red fox, woodehoeok, whi

inod Taris, bobholink,

Filldooer.

Proaivice cons!
vesper Sparien, lark
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whitcetail jacirabbit, 33-linced aud Frauklin ground
squirrels, badger.
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Conmion egret
Lrcrican bittorn
Mallord

Coot

Wood duclk
Theasant
Woodpecker
Yellow-shaited flicker
Gracile
Sparrow
White--throated sparrow
Spotted sandpiper
Bank swallow
Belted kingfishor-
Black tern

Teal

Black duck

Hooded merganser
Pied-billed greve
barn swallow
Osprey

Red--talled hoek
Croon herun

Crow

Black-crownad nizht heron

Comzon torn

Canada foose

19

W

HOoRE e N W N

Total No. individ./pool

—

N

L7

20

17

o N W N W

Table 15, Bird Abaudoace o e Bie Vidleyve dn the Toln Citics
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the St. Anthony Ialls pools because of the much reduced tree cover alone the

banks in theee upstream pools.

Herons may be seen flying over or roousting, in the Lock and Dam 1 avca.
These ave probably from two lurge rceokerics at the downstream Lip of Pig's
Lye lsland, opposite the St. Paul stockyards. The larpest one ic a 170-
nest black-crowned night heron and couwmion Awerican cgret roolery, sanduiched
between a large barge flecting basin on the west and a large havge terminal
on the east. These waterfowl are quite sensitive to non's activitiecs; for
instance, they have becen reported to abandon thedir roolery wvhen highvay con-

struction approached within a mile (Partceh, 1973).

Hater Quality

Water use in Pool 1, as in adjacent pools, is variced, including supply
for iadustry, navigation and recreation and acsthetic enjoyment by a larpe

metropolitan area (See Figure 35).

Generzlly water quality is good in Pool 1 compared with downstrcam water
quality, except for bacterial levels (FWPCA, 1966). During and just after
rainfall somc or all of numerous storm sewer discharges increase bacteria to
levels which create a health hazard. llowever, water quality throughout Pool
1 permits a wider usage than in Pool 2, although in 1966 water quality ex-
ceeded the maximum level of pollutants for such uscs as potable water and
swimning and other water contuct sports. In 1973, however, swiiming was
popular at several sites in Pool 1. One of the wmost popular siteswas ad-

y

jacent to the abaudoned lock upstrecam from the Lake Strect Bridge.
Daily records of some water quality paraseters are available for mid-
1967 to mid=1969 and serve to illustrate the seasonal variation of these para-
Cors dun the Nlsedassippi River in the Twin Cities arca.  Sene voriation {ron
thewe data may occur between Anoka and Pool 1 due to industrial storm sewer

. This may be especially true of the temperature downstream L{rom

Ve Pland,
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Drily flow whichi is recorded at Anoka (anmd ot St. Paul) by the U. S.
Geoulopical Survey, rauved between 2000 ¢fs and 25,000 ofs (Figure 2 dn Ap-
pendix A, IV). At St. Anthony Falls the lowest flow wns 462 cfe, in 1932 and

the maximun vas 91,000 cfs, in 1963,

Water temperature, digsolved oxygen (DO), pll and specific conductivity
are automntically monitored by EPA at the Riverside Power Plant. The data
from mid-=1967 to mid-1969 illusirates the seasonal variation in these para-
meters. Water temperature ranged from a winter low of about 32°F to a sum-
mer high of 85°F (Figuve 3 in Appendix A, IV). Dissolved oxygen ranged from
a low of about 5 wmg/l (milligrams per lirer) in summer to a high of about
17 mg/l in vinter. CGenerally the DO has two periods of low concentration:
during low flows in summer and under the ice in winter (Figure 4 in Appendix
A, IV). By comparison the DO record at Grey Cloud TIsland for the same period
shows that the DO coucentratien may reach zero mg/l (Figure 5 in Appendix

A, 1V). Day to day variation also is greater within the Twin Cities.,

Specific conductivity and pl occasionally show marked fluctuations, but
no marked seasonal pattern. pll ranged froam 6.5 to 8.5 (Figure 6 in Appendix
A, IV). Specific conductance ranged from 200 to 450 micronhos (Figure 7 in

Appendix A, 1V).

Additional water quality data is recorded at the Minneapolis Water UVorks
in Fridley. 7The 1973 data (through Augusat) ds included at Table 3 in Appondiz

A, TV,

Downstream {rom T'ool 1 the water quality decrecases considerably due to
the turbidity aud Lacteria bhrevsht by the Minoceosta River, aid Lo treated
sewage and industrial effluents; the sevaye comos from 16 plenis, the largest

of which is the Hetropolitan Wastoewater Treatiwent Plont.

At the base of Lock aud Dam 1 the turbulance increases the dissolved oxy-
gen content of the river, apparently causing fish and watcrfowl to congregate.

Sport fishing is popular below the dam. And, as many as six black-crowned

night herons have been attracted to the area.
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The main water quality problem below Pool 1 comes from the discharpe of
the Metropolitan VWastewater Treatment Plant, the South St. Paul Scvage Plant
as well as 16 cther sources enter Poel 2 from tlic MW site dowastrean to
Lock and bam 2. Thesc decrease the dissolved oxygpen (D0), benthie orpanisws,
and percent of game fishi in the total fish pepulation. At the same tiwe, un-
desirable characteristics increase, such as coliform bacteria and pathogens

(Sce Tigure 36) 1973 data is in Tables 5 and 6 in Appendix A 1V,

Aguatic Vegetation

The Twin Cities area riverince aquatic vegetation may be groupcd into
habitat types, such as deep and shallow marches (greater and less than three
feet deep respectively) and wood and shrub swamps (See Table 16).  However,
such habitats are not found in Pool 1 due to the deep gorge and to cxicnsive
developrent in the upper reach of the former floodplain. No aquatic vegcta-
tion is known to occur in the main channel.  Apparently, no studics were
made of the aquatic vegetation in Tool 1 prior to the construction of the
Ford Dbam in 1917.

Table 16. Aquatic Vegpetation in the Mississippi River in the
Vicinity of the Twin Citics (Wallace, ¢t al., 1969).

Habitat Specics

Deep Marshes Cattall, bulruzh, reed grace, vorad-sten o d bulruch, ond

wild yviceo  In open arcas:  pond veed, coontail, water nil-
A

foll, waterweods, duckveod, vhitco vater 1ily, spatlerdach
and otlvr aquatic:.,

-y

it .
€« M 1ty v
BN PR AR S ol

1 B
weod, seoacteed) reed

Shallow Marshes Cravsces, balrvabog
Srdlie it et 0P

and giaal bur recd, and wet willow growths.

Vood and Shrub Underarowt b ross, doclareed, svartvecd, and others.,
Swanps

il, ariovhesd, piclerel-

y ViCe cul=grana, sedue
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Aquatinr Animals. More than 120 specices of fish are found in the upper
Mississippi River Basin (Sce Table 17). Sixteen of these specice are recorded
from Coon Rapids and 48 have been recorded in Pool 2. 0Of these species the
smallmouth bass, northern redhorse, sheepshead and carp have been reported in
Pool 1, although the information is incomplete (See Tables 18 arnd 19). No
commercial fishing has been done in Pool 1. Sport fishing is light (Cunning-
ham, 1973), although a recent article reported good smallmouth bass {ishing
(Henucssey, 1973).

Besides painted turtles, no othey aquatic animals have been sighted,

although the few shallow arcas probably may have amphibians.

Bottom scdiments graode in Pool 1 from rock and coarse sand, near St.
Anthony Falls Lower Lock and Dom, dovnstream to fine sand and anaercobic silt
See Piguees 37, 38 and 39).  Farther downstircas the oryanic coatent of the

bottor sedivent continuecs to incrcaese (Sce Figure 40).

sjenthic woeroinve riebrates® show a downntrean trend of dncrceasing nushers
ot individuals but decroaning varicty (kinds or species) per square foot (Sec
Table 20).  he increase dewnstream in Pool 1 in nurbers of Chirononddace and
Clivsodhaet. o agrees vith the increase in erganic content and the decrease in
soedinent particle size, which also aprees with the obscrved decrease down-

styeaw in the inner current.

There hove boon tvo preview studics of the bonthic imuerainveriebratos
fno the Dicsioesippd Biver in the Toin Citics arcas Pawley (Y%47) vororted on
ctam collect tons rele by hers ol D apd previons coientiste since 10040 Her
stndy show s thet the e ab by nperics Joa o0 Dooveon ot (Gilo Bahy
Eowiles upstrean from Tronecet UAA) and Jdnie er Clile €17.6, betweon Tran=
secte 2¥Y and 200) (See Table 21)0 The corparaltively lower density of clan
specice in 1973 ia provaoly due Lo ihe Tesaar emppling ofvort than in v uley's

work, and to the significant dccrease in watcer quality and current (due to

Lock and Dam 1) in the Misslissippi River since 1864,

*Bot tom-dwelling organisms lacking backbones and visible to the naked eye.
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Profites Drawn Looking Downstream (South)

Bottow type: wu o mad, sa = sond, de = debris, gr = ogravel or rocle.
= sample plot (quadrat), + = plotless tree soxple (point quaricer),
{ bank, b = bottom sanpled L
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In a 1964 study by Uokanson (1968) benthic animal communitics werce
corlected at Coon Rapids (Mile 866 above St. Anthony Falls) and on the pre-
sent 2YY transect (Mile S$21.3, Pool 2). A comparison of the 1964 data with
that of 1973 shows a decreasce in diversily and abuadance upstream from the
Twin Cities and in the sandy bottom (wmid-channel) downstream from the Twin
Cities (See Table 22). 1ln the muddy bottom downsiream from the Twin Cities

(Spring Lake bottom) diversity remained the same but abundance doubled.

Threatencd Species

Several lists of tlircatened (or rare and endangered) plants and animals
have been compiled. No threatened species were found in Peol 1 during the
present study and none have been reported previously. A more detailed sur-
vey is warranted, especially for prairie species in the prairie remnant in
the Mississippi Park (between West River Boulevard and the brim of the bluff)

at 36th Avenue.

These lists of threatened species include species protected legally and/
or other non-protected species whose populations are known to be or are sus~
pected of being dangerously low, either locally or nationally. Species rare
locally but not in adjacent states, i.c. species at the limit of their gco-
graphic range, are included in some lists. This inclusion serves to encourage
maintenance of a broad genetic (breeding) pool to help insure survival of the
whole species population. The inclusion of these species also serves to on-
courage the maintenance of a broad diversity of plants and animals for iHinne-

sotans to enjoy.

The variety of ]jﬂts.of threatened species is duee to tvo difficultics
vhich are encountered in compiling such a list., The first difficulty is the
definition of a threatened specices, i.e. at what population size and survival
rate (birth rate vorsus death rate) dows a species population become in dan-
ger of extinction. Secondly, there is a lack of specific information on the

current population size and breeding success of many spccies.
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Plants. A list of rarc and endangered plants in Minncsota was compiled
by the Minnesota Departmenl of Natural Resources (MY DNR, 1971). This list
contains a total of ten plant specices, including five plants found in roist
prairies, three plants found in open hardwoods, end two plants found in the

northern conifer forests (Sce Table 23).

Morley (1972) compiled an extensive list of threatencd plant species in
several categories. His list of plants legally protccted in Minnesota in-~
cludes all species of the orchid family; all species of 1lily, trillium and

gentian; and trailing arbutus (See Table 24).

A second category in Morley's list included those rlants rare in Minnec-
sota and all of North America: a total of four plants. uJne of thece specics,
the Minncsota trout-lily or adder's tongue, is found vowhere else but in Min-

nesota.

Morley included a third category containing 252 plants which are rare in
Minnesota bul are more or less abundant in adjacent regions. A total of 36
of these species are found in one or more of the following metropolitan coun-

ties: Hennepin, Ramsey, Washington, Dakota and Scott (Table 25).

Morley's fourth category includes those plants typical of our native
grasslands. This list includes 122 plant species. The native grassland
habitation is the "most poorly represented [in the University Herbarium] and
in greatest danger of eradication in the state.” A more detailed study is
urgently necded to determine if the drier portiens of the spoil banks do har-
bor these threatened planis, or, if not, then to determine the potential of

the spoil sites to previde a refuge for native grassland plants.

Barthelemy (1971) includes threc plant species in his list: two cacti

and a legumne (Sce Table 26,

Animals. Barthelemy's (1971) list includes thirty-six rare and endan-

gered animals, including threc reptiles and amphibians, one mammal and 29
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Table 23. Rare and Indangered Plants of Minnesota
(MNDNR, 1971)

Moist Prairie Habitat

Wild orange-red 1ily, wood 1lily, Lilium philadelphicum

Shooting star, Dodecathcon meadia

Small white lady's-slipper, Cypripedium candidum
(orchid)

Prairie phlox, Phlox pilosa

Blue-eyed grass, Sisyrinchium angustifolium

in Hardwoods in the Southeast

Fairly open hardwoods

Fairly open coniferous
forests

Bluebell, Virginia cowslip or Lungwort, Merteansia
virginica

*Minnesota trout-1ily, Erythronium propullans

*Adam-and-Eve root, Aplectrum hycmale (orchid)

Northern Forest

Yew, Taxus canadensis

Ram's-head lady's-slipper, Cypripedivm arietinum
(orchid) '

*has always been fairly rare
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Table 24. Rare and ¥ndangered Plants of Minncsota with
the Countics in Which They Have Been Found
(Nature Conscrvancy - Morley, 1972}

Plants rare in Minnecsota and in all of North America

Cruciferae; Mustard Family
Draba norvevica, Whitlow-grass: Cook,

Toy TS TR T TR BT AT R TR TR, 0 T TR TR TR S SRR

Leguminosae; Pea Family .
Lespedeza leptostachva, Prairie Bush-clover: Cottonwood,
Crow Wing, Goodhue,

Liliaceae; Lily Family :
Erythronium propullans, Dwarf or Mimmesota Trout-1lily or
Adder's Tongue: Goodhue, Rice. Found nowhere else
in the world,

Orchidaceae; Orchid Family i
Malazis paludosa, Bog Adder's Mouth: Clecarwater, Ottertail, !

Plants legally protected in Minnesota (the protection is weak,
and nceds strengthening) .

Ericaceae; Heath Family
Epigaca repens, Trailing Arbutus,
Gentianaceae; Gentian Family
Gentiana, Gentian, all specics,

Liliaceae; Lily Family
Lilium, Lily, all spccies

Nymphacaccac; Water Lily Family
Nelumbo lutea, Lotus Lily.

Orchidaceae; Orchid Tamily
All Species.,
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Table 25. Plants Rare in Minnesota but More or Less
Abundant in Adjacent Regions (Morley, 1972).

PLANTS

FOUND IN (COUNTY)

Angiosperms; Flowering Plants

Alismataceae; Water Plantain family
Sagittaria graminea, grass- )
leaved arrowhead

Araceae; Arum family
Arisaema dracontium, Green dragon,
dragon root

Araliaceae; Ginseng family
Panax quinquefolius, ginseng

Campanulaceae; Bluebell family
Specularia leptocarpa, western
Venus' looking-glass

Caryophyllaceae; Cactus family
Stellaria alsine, chickweed

Cistaceae; Rock-rose family
Helianthemum canadense, frostweed

Compositae; Sunflower family
Coreopsis tinctoria, golden
coreopsis

Convolvulaceae; Morning-glory family
Cuscuta polygonorum, smartweed
dodder

Cruciferae; Mustard family
Arabis laevigata, smooth rock
cress

Cyperaceae; Sedge family
Carex formosa
Carex plantaginea
Scleria triglomerata, tall nut-
rush
Scleria verticillata, low nut-
rush

Droseraceac; Sundew fanmily
Drosera linearis, slender-leaved
sundew

Grawincac; Grass fondily
Echinochloa walteri, cockspur
grass

Juncaceae; Rush family
Juncus articulatus, jointed rush

Ramsey, Washington, St. Louis

Dakota, Winona, Houston

Once widespread from Houston to
Jackson to Mille Lacs to Wash-
ington Counties, now nearly ex-
terminated by herb-hunters

Ramsey

Ramsey, Winona

Fillmore, Houston, Winona, Wash-
ington

Blue Earth, Hennepin, Ramsey
Freeborn, Hennepin
Clearwvater, Todd, Hennepin,
Houston

Ramsey

Hennepin, Winona

Anoka, Hennepin, Ramsey

Blue Earth, Dakota, Hennepin,
Scott

Hennepin

Wabasha, Washington

Ramsey
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Table 25 (Continued).

PLANTS

FOUND IN (COUNTY)

Angiosperms; Flowering Plants

Leguminosae; Pea family
Astragalus ceramicus, rattle-pod
Lythraceae; Loosestrife family
Decodon verticillatus, swamp
loosestrife
Najadaceae; Naiad family
.Najas olivacea, bright-green
naiad
Onagraceae; Evening primrose family
Gaura biennis, biennial gaura
Potamogetonaceae; Pondweed family
Potamogeton diversifolius,
Rafinesque's pondweed
Rosaceae; Rose family
Rubus folioflorus, blackberry
Rubus latifoliolus, blackberry
Rubus rosendahlii, Rosendahl's
blackberry
Rubus semisetosus, blackberry
Rubiaceae; Madder family
Galium verum, yellow bedstraw
Scrophulariaceae; Figwort family
Aureolaria pedicularia, false
foxglove
Besseya bullii, besseya

Gerardia auriculata, auricled
gerardia
Gerardia gattingeri, Gattinger's
gerardia
Gerardia purpurea, large purple
gerardia

Solanaceae; Potato family
‘Solanum triflorum, cut-leaved
nightshade

Umbelliferae; Parsley family
Hydrocotyle americana, American
marsh pennywort

Verbenaceae; Vervain family .
Verbena sinplex, narrow-lcaved
vervain

Xyridaceae; Yellow-eyed grass family
Xyris torta, slender yellow-eyed
grass

Ramsey

Anoka, Chisago, Hennepin

Anoka, Ramsey

Hennepin Houston

Anoka, Ramsey

Ramsey, Washington, St. Louis
Isanti, Ramsey

Ramsey

Anoka, Ramsey

Hennepin, Lac Qui Parle, St. Louis
Hennepin, Washington, Houston
Dakota, Goodhue, Hennepin, Ramsey,
Scott, Washington

Blue Earth, Dakota, Nicollet
Nicallet, Wabasha, Winona, Wash-

ington
Hennepin

Clay, Hennepin

Chisago, Washington, Houston

Fillmore, Rock, Scott

Anoka, Hennepin




Table 206.

Plants

Lotus amerteasr, birdsfoot-trefoil

Mamatlaria vivipara, cactus

Opuntia hwalfusa, prickly pear cactus

Amphibians

Cricket {frog
Red-backed salamander
Commmon ncwt

Reptiles

Blue-tailed skink
Wood turtle
Blanding's turtle

Birds

Sprague's pipit
Baird's sparrow
Yellow rail
White pelican

Egrets: 1., Common (American)

2, Cattle
3. Snowy

Rare and Endangered Plants, Amphibians,
Rirds ond Mammals in Minnesota (Barthelemy, 1971)

Birds (Continued)

Trumpeter swan

Bald eagle

Osprey

Peregrine falcon
Marsh hawk

Sandhill crane
Piping plover
Wilson's phalarope
Avocet

Western willet
Caspian tern

Great gray owl

Hawk owl

Boreal chickadee
Chestnut-collared longspur
Lark sparrow
Sharp~tailed sparrow
Le Conte's sparrow
Grasshopper sparrow
Henslow's sparrow
Yellow-breasted chat
Prothonotary warbler

Mammals

Star-nosed mole

leptiles
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birds. Of these the sandhill crape, osprey and Americon (common) cgret oce

cur in the Twin Citics arca.

The 1ist of rare and endangered specices compiled by the U. S, Fish and
Wildlife Service (1970) includes two mammals, four bivds and one fish (Tuble
27). Although Pool 1 is within the geographic ranpe er migration of these

species, none are likely to occur in Pool 1 duc to lack of habitat.

Pre-project Environment

A few old photographs and several studies suppest the nature of the

4

habitat in Pool 1 prior to the nine-foot chamnel project.

A view dowmstream taken in the 1890's from the Upper St. Anthony Falls
Dam shows a narrow, rapid Mississippi River litterced with logs of the lumber-
ing industry (Figure 41). The exposed floedplain on the right bank is par-
ticularly littered with lumber, shacks and construetion. In the foreground
is the Stone Arch Bridge and farther downstream the (now absent) 10th Avenue
Bridge. Buildings beyond on the right bank indicatc approzimatcly the head
of the present Pool 1. ©Note the bare bluff under these buildings and a bare
area downstream on the left bank, ncar the present site of the University's

power plant.

A map of the Yool 1 area in 1895 (MRC, 1895) indicates that the Mirsis-
sippi in this reach had 14 islands (See Figure 42). The fast current and
shallow depth may have impeded navigation. Several quarrics were located
on the west (left) bank between the Lake Street Bridge and Franklin Avenue

Bridge.

An cxample of the environmental changes wrought by impounding the Mis-
sissippl River is provided by a scries of photographs at St. Asthony Falls.
Much of the river bottom below St. Anthony Falls Lower Dam lies exposed in

the 1926 photograph (Figure 43). The bluffs on the right bank near the stecam

clouds are bare of cover. Residential and industrial development on the
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Table 27. Rarc and bndangered Aninals of the Upper
Migsissippi River Basin (FWs, 1970)
Aninal e Prosent Disotyibution
Indiana Bat Midwest and eastern United States fream the
1 Myotis sodalis vestern edge of Ozarlt Repion in Oklahenn
Status endangered with estimated to central Vermont to southern Wisconsin,
population 500,000, ) and as far south as northern Florida.
Timber Wolf Lake Superior Region of Hichigan, Wiscon-
Canis lupus lvcaon sin, and Minnesota.
: Status endangered with estimated
1 population 300-500.
4 Southern Bald Eagle Nests primarily in Atlantic and Gulf coaste
Haliaeectus lecucocevhalus but ranges northward in sumicr to
Status endangered wiith about 230 northern United States and Cunada.
active nests in 1963.
; American Percgfine Falcon Breeds from northern Alaska to southern
] Falco peregrinus anatunm Grecnland south to Baja California; winters
Status rare with estimated population in northern United States.
! 5,000~10,000.

N. Greater Prairie Chicken
Tympanuchus cupido pinnatus
Status rare within Basin.

Greater Sandhill Crane

Grus conadeusis fabida
Status rare with an cstimated popula-
tion of 2,000 east of Rocky Moun-
tains,

Lake Sturgeon
Acipenser fulvescens
Status rare with estinated size of
l population unknown.

Resident locally in prairic habitat from
central scuthern Canada south to northcast-
ern Colorcodo, northvestern Kansas and
northeastern Oklahoma cast to northern
Michigan, Indiana, Wisconsin, J1llinois and
Missouri.

Preeds locally from southern British Colum-
bia, ecast to southern Hanitoba including
Minnesota, Wisconsin and HMichigan.

Distributed througliout Great Lakes Drain-
age with reccords from Mississippi aund St.
Croix River

P
e
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Figure 42. Preproject Environment (about 1895) of
Pool 1, from the Franklir Avenue Bridge
to Minnehaha Creek (MRC, 1985)
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floodplain is seon such as the University power plant (Figurc 44). 7The co-
ment ahutment on the left bluff is the Cedar Avenue IDridgee then under con-

struction.

By contrast the bluffls presently (1973) scom better vegotated and the
river is of sufficient depth to cover the entire bottom of the valley (Fig-
ure 45). Development is extensive aleng the floodplain and blufi top,and
barc soil is seen at the Shiely sand and gravel yard on the right buank in-

mediately downstream from the St. Anthony Falls Upper lLock.

An example of the vegetation and animals in the Tuvin Cities area prior
to the project is available in the study by Leiswan (1959). He mapped the
vegetation of eastern Spring Lake from the General Land Office Survey Maps
(Sce FTigure 46). lie also summarized the notes by late Dictrich Tange of the

vegetation and animals in Spring Lake in the 1920's and carly 1930's.

The early settlement (1855) vegetation in Spring Lake consisted of an
elm-maple forest on the bottomlands surrounding the marsh now covered by
Spring Lake. Oaks fringed the bluff tops, while open prairie with aspen
groves lay beyond. Studies by Lange indicate that the dominant plant of the
marsh at Spring Lake was the bulrush, Scirpus sp., with many cottonwoods and

willows along the margins (See Table 3 in Appendix A, IV).

Therc are also apparcntly no records of the early animal populations in
the Pool 1 area. Lange's studies of Spring Lake show game fish abounded in
the lake, muskrats built their houscs throughout the march, and countless
ducks used the marsh and lake as a stopping point on their annual spring and

fall niprations.

Studies made by Ceorge (1924) suggest a successiorzl stage {rouw willow
to cottonvood on a fioosdplain dowvnstvens of the Tord Plaut (Sce Table 28).
This was accompanied by an overall increase in individuals which occurred as
the flood level increased elevation. A decrease in flood level clevation

during the next year may have caused the reduction in individuals observed;

however cottonwood remained the dominant tree.
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An extensive study of ithe Mississippi River from the Comden Lridge in
Mimncapolis to Winona was undertgken in 1928 (Wickhe, 19233 Woodward, 1930;

and Reinhard, 1931).

The condition of the Mississippi in the lwin Citics was descrilied by

Reinhard (1931) as folliows:

"Ihe Mississippl River enters the Twin City area at Camden, 802
feet above sca level. Station No. 1 is located in north Minneapolis
at the Comden Avenue Bridge. The stream here has a velocity at or-
dinary stages of about one mile per hour and the bottom is for the
nost part f£irm and sandy. The average slope above Canden to little
Falls dis 2.6 fect per wmile although the slope of the entire Missig-
sippi above the Minnesota River is only 1.4 feet per mile. At this
station the river has fairly wecll recovered from the wastes discharged
by municipalitics in the upper stretches and hos not yet received any
sewage from the Tuvin Clity arca.

Shortly after enteying Minvcapolis the river passes over the St.
Anthony TFalls vhere it drops 70 feet and in so deing leaves the
prairie and clay banks for a chonnel that lics for many miles he-
tween rocky bluffe of linecctone and sandstone. Two miles above the
confluence of the Minneoota, the river again falls a distance of 33
feet at the Twin City Lock and Dam, which wvas constructed in 1914.

Station No. 4 is located directly above this dam in the pool of
relatively quict water which extends about five miles upstream. The
Minneapolis sewage and part of the St. Paul wastes are discharged
into the river above this point., As a consequence the bottom of the
pool is covered with a thick sludge deposit and foul conditions pre-
vail during the summer cspeciallyat times of low water discharge.

At Yort Snelling, a few miles bolow the Lock and Dam, the Migssis-
sippl is joined by the Mivnescla, a river which does little to al-
leviate polluted conditions in the wmain stream., Fifteen miles
further on, at Inver Grove, Stetion No. & is lecated. The river
has now rceeived the combined scvrre and inducirial wastes from
Minncapolis, St. Paul,South St. Paul, and llowport. Pottom sludges
ond thely ergonici: dndicale a uvengt state of peavy pollution.  The
next sampliong point on the river iIs Station No. 9, abeve Nastinges
and above tho conitucnce of the St. Cioix River. The water here is
deeper and the curceat move ranid.  Dotton sludees arve still heavy
but no additioral severo has been addod bolien Inver Grove and this
station.

In the interval between llastings and Red Wing the Mississippi
receives the waters of the St. Croix from the cast and those of the
Cannon from the west. The former is a clean stream with a discharge
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sulficient to improve appreciably the sanitory quality of the His-
' sissippis the latter teibutary js dtsell affeered by conciderable

? pollution but its discharpe is too slight to have any marked cifect
on the main stream. Below theee trvibutarics aad abowe the town of
the Red Wing, Scation No. 13 is located.

4 From the mouth of the Minnecsota River to the State line the Missis-
sippi is a broad, placid stream averaging 1,000 fect across the main
chanuel, About five wiles below Red Wing the river fills out its
gorge and forms a lake approximately 22 miles dn length and about

2 miles in average width., 7This ccction of the river is known as

Lake Pepin.”

' and 14 of St. laul's sanitary sewers emp-

All but one of linneapolic
tied into Pool 1 in 1928 (Wooduard, 1930). Thesc scwers fouled the vater
throughout the pool, causing obnoxious smells expecially during periods of
low flow and high toiperaturc., In general the Micsissippi River watcer in
the Twin Cities was heavily polluted, unfit for consumption and posed a
3 health hazard to the public and livestock. TFish had becn nearly eliminated

from ;his reach.

Large quantities of suspended solids from these sewers were deposited
in Pool 1. The oxygen resources decreased from about 4.5 mg/l in June and
July of 1928 at the Washington Avenue Bridge to about 0.5 mg/l, at Lock and
Pam 1 (Sce Figure 47). Pollution tolerant planktonic and benthic organisms

comprised 607 and 1007 respectively of their total populations. Total bac-

teria amounted to about 200,000 pcr ml throughout the year.

The pollution from the Twin Cities in 1928 decreased the concentration
of dissolved oxygen and inereased the concentration of bhucteria and the bio-

chemical oxygen demand (5-day demand) downstream to lake Pepin (Table 29).

Although fish were eliminated from the river from Minnespolis to Hast-
ings, pollution did not seem to have a significert effcct upon the phyto-

plankton (frce-floating, microscopic plants) (Sce Table 30).
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Table 30. Predominant (pd), Dominant (d) and Subdominant (sd)
Plankton Species at the Various Stations (Reinhard, 1931)

Organisms Mississippi River Stations

1 4 8 9 13 15 17 19
Cyclotella meneghiniana pd pd pd pd pd pd pd pd
Asterionella f. gracillima d d d d d d d d
Lysigonium grunulata sd d d d d d d d
Synedra delicatissima sd d d d d d d d
Synedra ulna d d d d d sd sd sd
Scenedesmus quadricaudus sd sd sd sd sd sd d d
Aphanizomenon flos-aquae sd sd  d sd sd
Diatoma vulgare d sd sd
Cocconeis placentula d sd
Gyrosigma spenceri sd
Stephanodiscus niagarae sd sd sd sd sd sd sd sd
Actinastrum han. fluviatile sd sd sd sd sd
Lysigonium varians sd sd sd sd
Scenedesmus dimorphus sd sd sd sd

Pandorina morum
Fragilaria crotonesis
Fragilaria capucina

Note: 1) Reinbard's method of determining relative abundance was to tabu-
late the ten most abundant species from each station. The species
with the highest abundance was called predominant (pd); the second
to fifth most abundant species were called dominant (d); and those
raking six through ten were called subdominant (sd).

2) See Table 29 for location of the sampling stations.

Land Use

Urban development dominates the bluff top and floodplain of Pool 1;
virtually no land is vacant (Seec Figure 48). The bluffs and limited flood-
plain in the upper 1.5 miles of the pool arc occupied by industry and insti-
tutions, principally the Miuneapolis barge terminal and three other barge

docks, the University of Minnesota and several hospitals (Figures 49 and 50},

Downstream from the Washington Avenue Bridge to Lock and Dam 1, the re~
maining floodplain and the bluff slopes and brims in Pool 1 are parks bor-

dered by residences (See Figure 51'). Below the bluffs, most of the park
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Figure 48, Vacant land bordering Pool 1
(Minneapolis Plan. and Devel., 1972)

area is undeveloped open space, including some spoil piles (See Figure 8 in

Section 1; Figures 11, 12, 26 and 31 in Section 2).

This steep-walled, undeveloped reach of the gorge provides the largest
open space (5 miles), and the greatest relief from the highly urbanized Twin

Cities area. Indeed, the view from within the gorge creates the illusion

that one is part of a larger primitive setting; the crowded urban area can
! nearly be forgotten. Numerous trails have been made by the frequent hikers

and picnickers. Where these trails rise to the bluff top, significant ecro-~

l sion of the steep slope can occur.
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i

Development of this relatively primitive area of the gorge in Pool 1
probably would best be restricted the minimum necessary to provide public
access while reducing their impact. For instance the trails should be re-
located and surfaced to reduce erosion, yet the informal character of these
paths should be maintained. With slight modification these paths, or por-
tions chereof, could be self-guiding nature trails and snowshoe and cross-

country ski trails.

Motor vehicles and buildings for public convenience probably should be

restricted to the bluff top, except possibly at the two large spoil sites.

. s e —

.
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These sites, when properly contained could provide several dune-beach recre-
ation areas capable of handling relatively large numbers of people. At the
same time erosion could be minimized by prowoting revegetation in strips per-
pendicular to the shoreline between spoil sites (Sce Figure 52). This pat-
tern of vegetation occurs at the spoil site downstream from the Franklin
Avenue Bridge, which, if wmore closely.spaced, would increase aesthetics and

decrease erosion (See Figure 11 in Section 2).

The recent annual increase in tons of goods shipped by river (See Socio-
economic Section) attest to the continued economic growth in the upper Mis-—
sissippi River basin. This growth is particularly evident in the metropolitan
areas as shown by housing developments, urban renewal, development of indus-

trial parks, and highway construction.

About 100 square miles of the 3000 square mile Twin Cities metropolitan
area, or an area about 10 times downtown Minneapolis, is anticipated to go
into urban development. Part of this area will be devoted to highway con-
struction. Frzeway construction planned or under construction are 194, 135W

and 1335.

In light of this growth, the Metropolitan Council has adept . d a Far'.
and Open Spaces Program to guide municipalities in preserving -~raeveloped
areas for aesthetic, recreational, historical and productive uses. Examples
of such sites include floodplains, wetlands, shorelines, steep slopes, aquifer

recharge areas and wooded sites.

Evidence of this nced was indicated in 1967 when a survey showed only
about 1/10 of the 310 miles of shoreline along the major rivers in the metro-
politan area to be in public ownership. Also only 42 of the 704 metropclitan
lakes were fronted with parks of 15 or more acres, and only 40 lakes had pub-
lic or commnercial becaches. The Council's program advocates coumpleting aqui-
sition of 12 sites, consideration of 22 others, and the purchase and

development of 107 waterside parks.




Figure 579 ~ Recommended Method of Spoil Disposal, How Strips of Spoil Lying
Between the Spoil and Perpendicular to the Current Will Revege- i
tate Rapidly, Providing a Screen to Wind and Water Erosion ‘
(Colingsworth and Gudmundson)

Other types of areas suggested include a trail network, protection open
space (such as flood and drainage ways), open space for industrial and agri-

cultural production, and scenic open space.

Development along Pool 1, which is in the heart of the Twin Cities, is
residential or institutional along much of the lower reach blufftops, except
for a narrow strip of parkland along the very edge. The bluffs and river
banks in the upper reach, upstream from the University of Minnesota, is
crowded with commercial and industrial sites. These plus urban renewal and

dredging have created numarous bare-soil sites (See Table 31).

A massive urban renewal project is underway on the right bank near the
head of Pool 1. The Cedar-Riverside Project will result in a population of

about 30,000 people in high~rise apartments. This project includes the trans-

formation of the old Minnecapolis terminal into a river-side park.
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Table 31. Bare Soil Areas in Pool 1
River Mile Bank Location
853.2 L Site just downstrcam of hydreoelectric
plant at Lower St. Anthony Falls Dam.
853.1 L &R Barge terminals and i1l (R/B).
852.6-7 R Barge terminals.
852.0 L Spoil.
851.0 L Spoil.
850.5 R Spoil.
849-50 R Spoil.
848.1 L 01d Spoil.

SOCIOECONOMIC SETTING

The socioeconomic aspects of the environmental setting are discussed

(1) by identifying the three~way subdivision of socioeconomic activities

used in this report and (2) by presenting an overview of these activities

in Pool 1 as they also relate to the Northern Section of the Upper Missis-

sippi River.

Three Subdivisions of Socioeconomic Activities

It is useful to divide a discussion of the socioeconomic setting of

the study area of the Upper Mississippi River into (1) industrial activity,

(2) recrcational activity, and (3) cultural comsiderations.

Industrial Activity

Industrial accilvity includes agricultural, manufacturing, transportation,

and rclated pursuits that affect employment and income in the study area di-

rectly; this includes employment on farms, in barge operations, commercial

c e et
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dock facilities, lock and dam operations, and commercial fishing. While it
is probably most desirable to measure industrial activity in terms of jobs J
or dollars generated, lack of available data makes this impossible in the 1
present study. As a result indices of this industrial activity -- such as ‘
tons of commodities moved, industrial facilities constructed, or pounds of

fish caught -- are generally used.

Recreational Activity

Recreational activity has two effects of interest. One is the psycho-
logical value to the users themselves of being near or on the Mississippi
River for leisure activities. A second effect is the impact of the recrea-
tional activity on employment and income. Recreational activity is more in-
direct in its effect on employment and income than is industrial activity
and relates mainly to leisure-time activities of people using the Mississippi
River for recreational purposes; examples include boating, sport fishing,
hunting, sightseeing, camping, and picnicking. Recreational activities fre-
quently use units of measurement like number of boaters or fishermen using
a lake or river, fishing licenses sold, or visitor-days. It is often very
difficult to find such measures for a particular pool on the Mississippi
River. Where such data are available -- such as pleasure boat lockages --
they are used. Where they are not available -~ such as fishermen using a
specific pool -- proxy measurements are used; for example, number of sport
fishermen observed annually by lock and dam attendants are taken as a mea-
sure of fishing activity in the pools ~~ even though this is not as precise
a measure as desired. Problems involved with placing dollar values on these

recreational activities are discussed in Section 6.

Cultural Considerations

Cultural considerations are the third component of the sociceconomic
setting. These considerations include three kinds of sites of value to
society: archaeological sites, historic sites, and contemporary sites.

These sites can include such diverse physical assets as burial mounds,
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historical battlegrounds or buildings, or existing settlements of ethnic
groups such as Amish communities. DBecause of the difficulty of placing any

kind of value on such sites,they are simply inventoried in the present study.

Overvicw of Socioeconomic Activities in Pool 1

The industrial, recreational, and cultural aspects of Pool 1 are dis-
cussed below in relation to the entire Northern Section of the Upper Missis-
sippi River to provide a background with which to analyze the impact of

operating and maintaining the nine-foot channel in Section 3 of this report,

Industrial Activity

The existence of the Mississippi River and its tributaries has had a
profound effect on the industrial development of the American Middle West.
It has served as a route of easy access for transportation and communication
tying together the industrialized East with the agricultural Middle West as

well as the varied economies of the North and South.

Historical Development of the Waterway. The development of the Northern

Section of the Upper Mississippi as a waterway for shipment has paralleled
the rise of the American economy, keeping pace with the need to move bulk
raw materials and heavy, high-volume commodities over the wide geographical
areas served by the river network. This has allowed barge transportation to
remain competitive with other forms of transportation. It is noteworthy

that competing systems of land transportation such as railroads and highway
trucking utilize the relatively gentle river valley terrain in order to sim-
plily both engineering design and fuel energy demands. Thus, the Mississippi
River Valley is intensively utilized to meet the transportation needs of the

Midwest.

Long before the coming of the first white settlers, the Mississippi
River was a transportation corridor for the Indians. It facilitated the
primitive barter cconomy and served as a route for other forms of social and

cultural communication and contact.

o . -
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In its primitive condition, the Upper Mississippi was characterized by
numerous rapids and rock obstructions. Fluctuations in water flow during
various seasons of the year were minor inconveniences to the Indian canoe,
but demanded modification before commerical use of the river approaching
modern tonnages could take place. Prior to improvements, such traffic was
limited to log rafts and shallow-draft boats which could navigate the shallow,
changing river between the Falls of St. Anthony and the mouth of the Ohio

River.

The necessity of modifying the natural course of the river to make it
suitable for commercial navigation gradually became apparent as the size of
the river boats and barges grew. Since the first river steamboat arrived at
Fort Smelling in 1823, steamboat transportation for freight and passenger
use grew to a peak in the decade 1850 to 1860 when over 1000 steamboats were
active on the entire length of the river. By 1880 the growth of the rail-
road system in the U. S. and the relative slowness and hazards of navigation
marked a decline in the use of the river for transportation. However, on
the upper reaches of the Mississippi, growth in freight traffic continued.

A peak was reached in 1903 with 4.5 million tons moved between St. Paul and
the mouth of the Missouri River. A subsequent rapid decline coincided with
a drop in river use for moving logs and lumber. In 1916 only 0.5 wmillion

tons were shipped on this section of the river.

As the population and industry of the Upper Midwest region grew, there
was a corresponding growth in the need for cheap coal for power generation.
A technological consequence of this need was the decvelopment of the barge
and towboat which gradually replaced the steamboat on the river. The barge
and towboat required a deeper channel than the earlier steamboats. The
need for ccal in the Upper Midwest was complemented by the need to ship
large quantities of grain south to other centers of population. Thus, econo-
mies were realized by having at least partially compensating cargoes going

both directions on the upper reaches of the river. 1In the later 1920's

large grain shipments from Minneapolis began.




- ——

-113-

Although four-foot and six-foot channels had been authorized in recog-
nition of the increasing role of the river in the transportation network of
the U. S. and technological developments in barges and tugs led to the autho-
rization of a nime-foot channel to Minneapolis in 1930. By 1940 the channel

and the requisite locks and dams were essentially complete.

When figures for tonnages shipped at various times on the Mississippi
River are examined, it is difficult to make comparisons that relate to
Corps' activities. For example, the following factors complicate the prob-

lem of data analysis during the period prior to 1940Q:

1. Statistical data collected by the Corps of Engineers covered
different segments of the Upper Mississippi River during these
years. Some of the reasons for this appear to be changes in the
administration of river segments during that time, as well as
some experimentation with better methods of statistical collection.

2. Shipping in the Upper Mississippi was distorted during the decade
of the 1930's due to the construction of locks and dams in the St.
Paul District.

3. From 1941 to 1945 all forms of transportation were utilized for
the war effort without regard to maximizing economic return.
Therefore, data for these years (as with the 1930's) does not
necessarily reflect a normal period of transportation on the

Upper Mississippi.

Barge Shipments. Table 32 shows tonnage information available for

selected years from 1920 through 1945 for the river segment identified in

the third column of the table.

In more recent years, data are available for the St. Paul District.

Table 33 shows the movement of tennages through the St. Paul District for

the years from 1962 through 1971.
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! Table 32. River Shipment from 1920 through 1945
' (OCE, selected years)

Total Tonnage (short tons)

Year Shipments and Receipts® River Segment

1920 630,951 Mpls. to Mouth of Missouri River

1925 © 908,005 Mpls. to Mouth of Missouri River

1926 691,637 Mpls. to Mouth of Missouri River

1927 715,110 Mpls. to Mouth of Missouri River

1928 21,632 Mpls. to Mouth of Wisconsin River
] 1929 1,390,262 Mpls. to Mouth of Ohio River

1930 1,395,855 Mpls. to Mouth of Ohio River

1935 188,613 St. Paul District

1940 1,097,971 St. Paul District

1945 1,263,993 St. Paul District

*Tonnages exclude ferry freight (cars and other) and certain cargoes-transit.

Table 33. River Shipment from 1962 through 1971
(S.P.D.-NCS, selected years)

Total Traffic

Year St. Paul District®
1962 8,168,594
1963 9,266,361
1964 9,621,336
1965 9,205,538
1966 11,346,457
1967 11,618,849
1968 10,736,350
1969 12,647,428
1970 15,423,713
1971 15,070,082
1972%* 16,361,174

**Estimated
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When this table is compared with the previous one, the growth of ship-
ping ou the Upper Mississippi becomes readily apparent. Thus, the total
traffic for the St. Paul District in 1962 was aboul six times the traffic in
1945, which was a war year. In fact, traffic in the S$t. Paul District for
1962 was more than five times greater than all of the traffic on the Upper
Mississippi between Minneapolis and the mouth of the Ohio River in 1930.
Traffic about doubled in the St. Paul District between 1962 and 1971. This
was due to a large degree to grain shipments from the District and to an

increase in receipts of coal.

In 1928 data were collected on receipts and shipments for the river
segment from Minneapolis to the mouth of the Wisconsin River. This approxi-
mates the navigable segment of the Upper Mississippi within the St. Paul
District, and the data for this segment can be cquated with data for the
St. Paul District with little difficulty. 1In that year, 21,600 tons were
shipped and received. By 1940, tonnages handled reached 1,000,000 tons an-
nually, when the lock and dam system and the nine-foot channel were virtually

complete. Tonnages reached 2,000,000 by 1946, and 3,000,000 by 1953. By

1962 over 8,000,000 tons were shipped and received in the St. Paul District.
In the decade between 1962 and 1972 this had doubled to 16,000,000 tons.

Table 34 shows the number of trips made on the Mississippi between

Minneapolis and the mouth of the Missouri River in 1971.

The commercial lockages through the locks in the study area are shown
in Figure 53 and provide another indication of the recent increase in barge
traffic. From 1960 to 1972 the number of lockages in the portion of the

River between Lock and Dam 2 and Lock and Dam 10 increasaed by about 600.

The most dramatic increases occurred, lhouever, in the St. Anthony Falls and

Pool 1 area; Tigure 53 shows that commercial lockages through the threc

locks in this area increased by more than 1,000 lockages each during the
period, which includes the opening of the Upper St. Anthony Falls Lock
! and Dam.
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Table 34. River Trips in 1971 (OCE, 1971)

-

[ L
Transportation lode Upbound Downbound

Self-Propelled

Passenger and dry cargo 1,900 1,875
Tanker 3 2
Towboat or Tugboat 8,433 8,419

Non-Self-Propelled

Dry cargo 25,250 25,237
Tanker 7,312 7,311
TOTAL 42,898 42,844

The shipping season for most of the Mississippi River within the St.
Paul District is usually cight months, from mid-April to mid-December. The
navigable rivers maintained and operated by the St. Paul District should be
viewed within the context of the system as a whole including the Mississippi,
Ohio, Missouri and other tributary rivers. In 1964 a detailed analysis of
origin-destination waterborne commerce traffic patterns showed that the
average miles per ton on the Upper Mississippi River Waterway System ranged
from 700 to 800 miles. This indicates that the great bulk of shipments
and receipts have origins or destinations outside the St. Paul District.
Each pool then in addition to its own shipments and receipts contributes to
the economic benefits enjoyed by the system as a whole. Thus, any mcasure
of the cconomic benefits of the river commerce on an individual pool nust
include the benefits that it contributes as a necessary link in the Upper

Mississippi system.

Commercial Dock Facilities. For access to the barge traffic on the

Upper Mississippi River many companies maintain docks. Some of these have

elaborate facilities for loading or unloading specialized cargoes with which
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Figure 53. Commercial Lockages in Upper Mississippi
River in 1960 and 1972 (S.P.D.-NCS, 1960 and 1972)
they deal ~- coal, oil, grain, and gravel and crushed rock. The facilities

vary appreciably with individual pools. Pool 1 had 8 such docks, but present-
ly there are 4, three of which are located at the Minneapolis terminal under
the Washington Avenue Bridge (See Table 35). This terminal is being relocated
in St. Anthony Falls Upper Pool. Next year the Minneapclis terminal will be
converted to a park. The only commercial dock will be the University of Min-

nesota coal dock at Mile 853.1.

Table 35, Commercial Docks in Pool 1

Mile Company

853.1 University of Minnesota coal dock
852.5 McMillan Grain Co. dock

852.4 Municipal coal dock

852.0 Kack Refining Co. dock
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Commercial Fishing

Although commercial fishing is an important cconomic activity in some
pools in the St. Paul District of the Upper Mississippi River it does not
occur in Pool 1 nor has it in recent history. The narrowness of the river
and thus the lack of shallow waters in this pool and the formerly signifi-
cant level of pollution make commercial fishing unlikely; lack of habitat
continues to limit commercial fishing. Figure 54 illustrates . the wide

variation in commercial catches in the St. Paul District.

3000 . . . . : . - . —
2500 } -+ 4+ + e+ + + 4 + .
2000 | +
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Figure 54. Thousands of Pounds of Fish Caught Annually by
Commercial Fishermen in Upper Mississippi River
Pools in 1960 and 1969 (UMRCC, selected years)
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Recreational Activity

In addition to the industrizl activity deseribed above, the Yorthern
Section of the Upper Mississippi River has provided innumcerable recrcationni
opportunities for the entire region it serves. Lven prior to Congressional
authorization of the 4 1/2 foot channel in 18678 -- the first comprouensive
project on the Upper Mississippi, from the mouth of the Ohio River to St.
Paul -- settlers used the river extensively. The Upper Mississippi provided
settlers the opportunity to boat, fish, hunt, and sightsee. However, the
need for these settlers to carve cut an existence in the Minnesota wilderness
of the early nineteenth century meant that recreational uses of the upper
River were few. Thus, boating then was not primarily for recreational pur-

poses; it was essential for the settlers'

continuing existence to move peo-
ple and supplies to where they were nceded. Similarly hunting and fishing
were not for sport; they provided the food needed to feed the settlers'
families; surplus fish or game were sold or traded for other necessities re-

quired for daily living.

As the twentieth century dawned, increasing leisure time accompanying
the settlers' higher standard of living led to greater recreational uses
of the Upper Mississippi River. Segregating present-day recreational uses
of the study arca due to Corps' operations from those existing in 1930, prior
to the nine-foot chanmnel, presents problems. These arise becausc of the dif-
ficulty of isolating the increased recreational uses of the river caused by

more people in the region, higher standards of living, and incressed leisure

from those caused by improved navigational and other recrcational opportunities.

A significant portion of the recreational activity on the Upper Missis-—
sippi is due (1) to the iuproved navigation opportunities for large plea-
sure craft. on the river, and (2) to improved {ish and came habitat resulting
from higher water levels in the river. The potential for jmproved fishing
and hunting is not always realized (for example in Pool 1) because increased
industrialization along the river has polluted the river and has reduced the

available hunting areas, which often more than offset the increased habitat.

!
=
b,
b




| ~120-

Data for 1963, which includes the St. /Zuthony Falls pools with Pool 1,

shows that pienicking and fishing are the most frequent persuits of visitors

to this segment of the Mississippi River (Sece Table 36). Swimming and

S,

camping were non-existant, primarily due to lack of sites and water quality,

respectively.

[ S

Presently there probably is greater use of the river as indicated by
the number of pleasure boats in 1972 (Sce Figure 55). During 1973 hiking,

fishing and swimming also seeuxned popular in Pooul 1.

Boating Activity and Related Facilities. As noted above, much of the

increased boating in the study area of the river -- and virtually all of it

for the deeper~draft pleasure boats —- is made possible by the improved

navigational opportunities provided by the system of locks and dams. Figure
59 illustrates the dramatic growth in pleasure beating in the study area
from 1960 to 1972. The figure shows that number of pleasure boats moving
through each lock in the study area increased by an average of about 1,500
boats during the twelve-year period. It can be secen that the number of
pleasure boats moving through the Lower St. Anthony Falls Lock and Lock 1,
those at each end of Pool 1, increased by about the average for the District

during this period.

Table 36. Entire Pool 1 and St. Anthony Falls Pools Visitation -- 1963

Annual - 1963 Peak month - Auiust
Percent Percent

< Activity of Total Number of Total Nurber
Camping 0 0 0 0
Picnicking 57.1 7,200 73.5 3,010
Boating 2.4 300 1.2 50
Fishing 39.7 5,000 24.8 1,020
Water-skiing 0.8 100 0.5 20
Swinmming 0 0 0 0
TOTAL 100 12,600 100 4,100
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Figure 55. Pleasure Boats Moving Through Upper Mississippi
River Locks in 1960 and 1972 (S.P.D.-NCS,selected years)

There are no Federal or State parks in the area backing Pool 1. The only
public use facilities are found and managed by the Minneapolis Park Board
(see Table 37) and St. Paul Community Services (park system). The facilities
offered are limited. The only pleasure boats kept in Pool 1 are rowing shells.
The narrowness of the gorge and navigational hazards involved in the competi-
tion for space with commercial barges further discourages pleasure boating at

least to the extent that most other pools are utilized.

Sport Tishing and Hunting. Preccisc mecasures of the number of sport fish-

ermen using a specific pool are not available. Althouch creel census data
are available for Pools 4,5, and 7 in the study area, comparable data do not
exist for the majority of the pools. Probably the best data available are

the number of sport fishermen observed annually by attendants at lock and dam
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sites. Attendants to each lock and dam observe the river pool areas above
and below their site at 3:00 p.m. each day <nd record the combined number of
sport fishermen seen; the data are not recorded separately for the pool above
and below the lock and dam. The annual data are simply a sum of these daily

estimates.

The number of sport fishermen observed by attendants at each lock and
dam in the study area are shown in Figure 56 for the years 1960 and 1970.
There has been little change during the ten-year period of the number of
sport fishermen observed. Because fish tend to seek water with a high con-
centration of dissolved oxygen and the dams tend to aerate the water, the
bulk of the sport fishermen tabulated in Figure 56 are probably in the pool
downstream from the lock and dam cited on the horizontal axis of the figure.
The figure shows that in 1970 fewer sport fishermen were observed from either
end of Pool 1 than at any other lock and dam except Pool 2. The urban indus~
trial nature of the pool and the high degree of water pollution discourages

most fishing in Pool 1.
Sport hunting along the Mississippi River study area is large. However,
due to the narrowness of the pool and its location in the heart of the metro-

politan area hunting does not take place in Pool 1.

Sightseeing and Picnicking. Studies in general indicate that a body

of water is often essential for most recrcation activities. People want
this water not only to boat on or to fish or swim in, but also simply to
look at, picnic beside, and walk along. The study area of the Upper Missis-
sippi has served this purpose for settlers for two centuries. Again, be-
cause precise data are lacking, it is generally diificult to describe the
magnitude of this category of recreation and to isolate the effect of Corps'
operations on these recreational activities in each pool. To assist sight-
scers, the Corps of Lngineers operates eight overlooks at loucks and dams in
the study area. In addition, a variety of parks exist along the river that

are available for sightsecing and other recreational activities.
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Lock Name or Number
Number of Sport Fishermen Observed in 1960 and 1970
(5.P.D.-NCS, selected years)

Figure 56.
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Perhaps the major recreational activity in Pool 1 is sightseeing and
picnicking. From the vicinity of the campus of the University of Minnesota
to Lock and Dam 1l,both banks of Pool 1 are largely devoted to narrow strip
parks. These parks cover the steep slopes of the bluffs and a small strip
of the level tops of the bluffs. They are interlaced with pathways, benches,
tables, fireplaces, etc., which encourage recreational walking and picnicking.
There are a number of overlooks which open to vistas of the narrow, steep-

sided, wooded, river-gorge and the busy river itself.

Future visitation to Pool 1 (and St. Anthony Falls Pools) are projected
to be mainly for picnicking and fishing (See Table 38). Future facilities
should also accommodate hiking and biking which were observed to be frequent
activities. Perhaps a swimming beach should be planned especially for safety

reasons because several informal beaches have become popular.

Cultural Considerations :

Some historical and contemporary sites exist in the study area. No

sites in Pool 1 are known to have been located below the bluffs; thus no

site has been affected by operations of the Corps of Engineers.
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3. THE ENVIRONMENTAL IMPACT OF THE NINE-FOOT NAVIGATION CHANNEL

INTRODUCTION

Impacts are understood here to be environmental responses to human ac-
tivities. This study deals mainly with those impacts resulting from the
Corps of Engineers' navigation channel project and related activities in

Pool 1 of the Mississippi River.

Because little detailed information appears to exist which describes
such impacts in Pool 1 the impacts listed below were derived from:

1. field studies in Pool 1 and elsewhere on the Mississippi River
during summer, 1973;

2. information from previous studies of Pool 1 which were made for
other purposes;

3. information from studies elsewhere on the Mississippi River;

4. basic ecological and socioeconomic principles and processes;

5. personal experience of the investigators.

Field studies during the summer of 1973 extended the data base to pro-

vide further information on at least the major impacts.

The Corps' project which produces these impacts includes (a) the pre-
sence of Lock and Dam 1 Mississippi River Mile 847.6 and (b) the operation
of these structures and the maintenance dredging of the nine-foot channel.
Additional impacts arise from (c) navigation by commercial and private ves-
sels of the river and from their attendant facilities, and (d) barge termi-
nals and related facilities. The environmental impacts of this project are
the changes brought about in the physical and biological components of natu-
ral systems and in changes in the industrial, recrcational and cultural com-

ponents of socioeconomic systems.




NATURAL SYSTEMS

Identification of Impacts

The initial impacts of impoundment and dredging by the Corps of Engi-
neers upon the natural environment in Pool 1 are:
. formation of a slackwater pool by impounding a reach of the river;
. increase in bare, erodable soil (spoil banks);
. increased turbidity due to dredging, spoiling and navigation;

. increased incentive for developing the floodplain and river banks;

U W N

. moderation of water level changes.

The initial impacts listed above result from Corps' operations and main-
tenance activities, navigation, barge terminals and related facilities and
to pre-project activities (such as snagging and cleaning activities), pre-
sented in Tables 39, 40 and 41. From the initial impacts, stem the "secon-
dary" and "subsequent" environmental impacts which are then traced further,

if possible, in the discussion section.

It should be noted that the impacts in Pool 1 are not always completely
isolated and ascribable to the Corps. This is because these impacts are
part of a complex, multi-dimensional web of physical-chemical, biological
and socioeconomic interactions. Impacts may also derive partially from
other economic and cultural activities and from natural environmental pro-

cesses acting in the local area as well as in the larger basin.

Discussion of Impacts

Since the Corps already had built Lock and Dam 1 and formed a pool for
the six-foot channel project, the increace in depth to nine feet for the
present project must have had relatively less impact on the natural environ-
ment in Pool 1 than elsewhere. The Pool 1 area is unique, however, because
of 1ts close, high bluffs and limited floodplain, and its location in the
heart of the Twin Cities.

- ' . L] -
- . . R L
L‘m—- P i RIS . - - - A b b et el s i i e il




»

-131-~

*Imoyaslemn ‘Usty

‘soylusq I9ATI 2SBIIIBAQ °T

*Tmozxa3es ‘ysty

‘soyijusq IDATI 3SE3IVdT T

*soyjuaq ssa] {smolleys

so93eo1d pue speaadg ‘¢

*IPUUBYD S3UTIIJUODY °7
*2JTIPTTIM 9Seaxodsp

fuorje3adaa 8so0T °T

TRITIPTIN
JO 20UBQaNJSTP 9SEIIdUT °*7
*o1doad swos 103
8DT319y3sae soseaadul I

*paxe
I23eM MOTTBYS 9SEI193Q °7
*A3700T2A I93BM S9SEIIOUT T
*£37o8deD POOTJ Ssasewadaq °
*s193BM{OBRq
‘I3uueyd ur sitsodepax

$3e31qey TPTIISDI123
?I10w X9A0D 03 speaads T

*S33TS
aizouw Suyptacad £q
UOTIBDID3I1 SISBDIDU]  °€

*ToUUBYD SIUTIUOH °7

*uoT3dnasTp pojesdsax
03 onp uorjelaBIA
1BTI3S9I193 JO SSOT T

uot3yTsodsp 1To0dg

*2JTIPTTIM ‘uorieiafaa
‘ImoJID21BM SISBIID
-9p fysTj seses103q °I

*qaM poo3j uft
B30Tq I92Yy3lo saonpay °[

*soyjuaq jyo ssol °f
K3TTenb xojem soonpay ¢
uneds ‘ysyy ssoleooyyng T

*sjuetd
oT13enbe ‘soyjusq siva0) T

*S0T}9Yylsor sosealda(d ¢

*23B13SQNS DTYIULBq
3TT193s “‘mdu sasodxy -

*£3TPTqIny sseseaadul T

8ui8paixq
90URUIIUIEYR

s3oeduy TBUOTITPPV]

3oeduy Aiepuodag

Joeduy Lxewtxg

axnjeay 3Idoloxg

swalsAg jeinjeyN jo s3jusuodwmo) 3yl uodn Id0sfoag Touuey)

3003-9uIN 9yl Sufurejurey pue Surzeaadp jo s3zdoedul a[qrqoag "6¢

aTqBlL

R N




*weaxlsumop L3rTenb zo9jea
pasea1dul ‘eaie T Too4q
uy £3117endb asiem TeOOT 1
paseaadap fuorljepex8ap O
28emas yo 93el pased1duUl °g L.
*A317eEnb 123BM Surseaaosp ‘
¢a8ewrp poor3 3urseaaodur
¢$413snput o3 doiyInyq swos
pue ureTdpooTJ JurufewWax
JO JOTSIDAUOD PISBIIDUT °G {
*ysI3y *“soyiuaq Iursesad
-9p ¢s9TJ3Ta padiawqgng °4
*saTo9ds souesInu
‘tuorieorydoaina pasearoul °f M
*soyjuaq paseaidap
‘pnm pue pues o3 Jaaead
woa3y adA3 wolloq SurSueyd
‘U0TIRIUSWUTIPIS P'USBIaIdIUT *Z
*SWeTd ‘ysrty 3O soTdads *3US1Ind pamoTs
I9ATI~8UTMOT] paseaxdsq °T ‘yydop pesesaduy °7

A et did

-132-

*Tood jo pua

3addn uy 3eITqEY YSTJ

‘soyjusq pIseaAduT fedae
133BMA~MOTTBYS PISB3IdU] *¢

*ej01q pueTdn TBTij}SaX

=193 pasezaadsp {ielrqey

TeTI3S21193 paseaxdsq °g *(ST2A9T 193BAM PISTEI)
*uteTdpool] peses1o9q °T ‘pueT Lip papoold °I I9AT1 Jo jusupunoduy °I 14 weq
*(91doad swos 103) (panutiuod)
*uoTleardaa aseaidsq T SDTI9YlsSoe 3sBAIDSQ ¥ uot3Tsodsp TTods
s3oedu] [PUOTIITPPV 3oeduy AiBpUOIDS Joedu] Aaewrig aanjesaj 3ooloxag

(panutijuc)) swalsAs Teanjey jo sjuauodwo) 8yl uodn 3daloag
Touuey) 300J-3UFN 9Y3l Supurejurey pue Surzeaadp Jo s3oedw] ayqeqoag °*6f 9Iqel




*T Tood
xaddn ut yst3y Jxo0ds
Jo 98ejusoaad saseaadur °7

*SpaTqaaoys
103J pooj S9Se’aIdUT OSTE
fuor3eaaoax Jurseaadur *T Tood 3O
LT3usnboasqns fysty 1aods yoeaa iaddn ur usafdxo wed
jo @3ejuadiad sasseaaduy °T *soyjuaq saseazduy °I POATOSSTp Ssoseaisuyl °T sTIed Luoyjuy °3§

*UOTIBDIDd1 POSEIIADUT {UOTI

-BI13U30UOD YSTIJ pISeaidul °T *193eM pAjRIAY °*
*UOTS012 W03130q *T# weq wolJ weda1ls

pue 3ueq posSeaIdU] ‘T |-UMOP JUSIIND PISBIIdU] 7

o *s]seTs
& -nyaua jedey puv sistaoumd
' 103 Teadde paonpax ¢ (Surm
33 }eo1q 03 syyes LaiTea
Y31y YyITM pauUTqEod) SIIT
-IN2S pue sMaid Jurmol 103
SUOTITPUOD TESPT {3FRID
pezTiojow o3 paaoxdury
¢sI19ATI 01 Soel aagaad
oym 250yl 103 SOTIBYISae
paaoadutr f‘uorienionyj
19A9T I93EM PSINpPaY °Q
*umopieaiq 923emas
pue UOTIElId9E pPOISEIIIIP
$SSaWOTY] 90T paIseaaoul °/ (psnutiuod) T# weq

s3oevdw] TRUOIITPPV 3oedwy Aaxepuooasg Joedwy Aaewiayg aanjesg 3%8foiag

(ponutjuo)) swelsA§ TeanjeN Jo sjuduodwmo) @yl uodp 309loag
Tauuey) 3J00F-3dUTN 9yl Sururerurer pue Suyiexadp Jo sioedw] 2Tqeqoad ‘¢ °TqeL




w
*Z 1004 ur ‘euwes °T *Z 1004 ur ‘swes -y w
i3
*Z Toog ur ‘swes T *Z Toog uy ‘swes °T *Z Toog ut ‘swes -] 1# 201 w
*9BAIBT 3I09SUT )
L ‘sweyo ¢899 ‘s3I oIjenbe
o 19yjo jo o8essed sSMOTTV °I| °‘uUsTF 3o o8essed jTwisag -
1
*T 1004 uT soyjueq JO SSOT *T [ood uTr 3uranods
juanbasqns ‘uweaajsumop wo3II0Q PUB UOTSOID *T food 3jo pu2 weaxlsdn {001 a3M07]
UOT3BIU3WTPasS PISEaIdUT °*T jueq uy sseaadul °T ur aumyJ ur so8ang °T sTIeJ Auoyzuy -1§
*STRWTUR
dTYy3usq pue Ysiy 30
-38uyumeds saseosxdeqg T uor3eidTW 03 I19TIXIRG °f
*T Tood 3°o yoeaxa xaddn
uUT ®30TG 3O L3ITSIOAIP ‘T Tood 3o Yyowax zaddn ut ‘PEOT 1USWIp3S (psnut3uod) wuweq
pue £3tiuenb saseaioul °T| L311enb 133BM SaseaidUl T Ul soseaidaq °2 s1T2y Auoyiuy °3§
s3dedw] TBUOTITPPY Joeduy LIBpPUOI3S joedwy AxewTad aaniead 3Ioaloag

(psnutiuo]y) swo3sdg TeanieN yo sijusuodwmo) syl uodn 09foxag

} 1ouuRy) 3j007-9ufN 9yl Surureijurely pue Surieaadp Jo sioedul STqeqoad ‘g€ STqRlL




b < o e ™ A

-135-

*s13aesqany ‘Tmoyisism

*el0Iq 2T3enve

*sjuanTiiae

£37TToR]

psseasadsp 9TqISsogd °T p3sea129p aTqIssod °1 ©S13ApPR ©TqIssogd T Sutruea> °23xeg
*SDT]I3YISIB DSIBAPY 7
‘pajyaeu *sTTNY
~un uaym 3y3TU 3B paezey °T uMolq YIep I0 A3sny 4
*SJTTPITIN PoSE2I23q °T *[9A9T 9SIOU PISEDIADUT ¢
*3e3TqEy
*9JTIPIIM Poses1dag °I 1BT13S21193 JO SSOT ° yo0p £1p
*sI21e2qQIny ‘eaaxe 3ur3ssTy
‘Imojiaiesm pasesavsq °T *2J0Tq dT3Enbe pasesadsq “°I1 “S3USNTIIO ISIAADPY T ‘Teutwial adarg
*9STOU pasEaiduUl  *g
*1S9193UT
DI3°9Yy3lSdL poseaIdUl G
*sTeIIDIBW
snopiezey pue JIo JO
sT7rds Jo L3TTTArSSod %
*SOTI9Y3s9E poseaadsq 7 *2301q 3ur3sIxX®
*93TIPTIIM pue 03 9SIdAPE S3juanTyIo
IMO3I93eM PISEaIDaq °I *B30Tq 9Taenbe pasesadsqg T pue ssmWnI posSesAdUT  °f
TIBITQRY
*9ITIPTIIM pOsSeaxdaq °I 1eTi13SsxIa] paseaidsq ¢
sanr0qe szoeduf TEPUOTITP *UOTS0Id
-PB puU®B pUOIDS 383§ T *£31pTQIn3 paseaidou]l °T (@a0ys) poseaidul *7
*IMOoJx93eM pPUB BITT
-pPTIM UT @seaadaqg T *B30Tq >T3enbe pasesioeq T *£3TPFQqany poseaadul ] uotiedtaeN

s3oedm] Juenbasqng

Ioedu] Lxepuodag

3oedwy TeIITUT

T Toog ul swalisdg TeanleN uo SITITTIOB] 9duUrUIIUTER o8ieg pue
syeutwasl 93ieg pue ‘uolleSTaeN TeIOIswWwO) Jo sioedul aTqeqo1g

9INJIONIJS 10 AJTATIIV

*Qv °TqQel

LI W




I CNH&H
€T 3soT ¢simarqey

TBI11S91193 paseaidaq °¢
f
w *swsTued1o
19ATI-BUTMOTI 3O SSOT °T| °a13ATI pomOTs ‘pauadaaq ¢
-e30Tq o13enbe uy 88ueyy °I1 *dusy 193BM BSEBIIDUT ¢
*@3e'13S *L06T-v68T1
*10Tq OFaenbe paseaadsq ~qns o9Flenbe jo ssol -g ¢z weqg pue 3007 plo
pue ‘T weQ pue ¥207 Jeu
*e30Tq 2T3ienbe pesesaaosq °I *£3TpTqany psseaiduy -I| -F3TI0 JO UOTIONIISUO)
*OITT
~-PTIM pPue YSTJ 3SeaID
ﬁ -9p f¢soyjuaq aseaid9q I *£3IPTQaIN] ISESAOUT 7
} *93TY ‘0687 uT ‘syrodeauurq
2 —-PITM PUR YSIJ 2aSEBIID *SI9pTNOq JO TBAOWDI 03 TSuueys 3003
7 -9p fsoyiuaq aseaadsaq I *93B13ISqNs aseaid3q I ‘saeqpues Jurdpaaq T -G*H JO uOTSU3IXT
‘Bl01q "088T Ur
*s19aeaqany ‘Tmoyadlem ofienbe jo L3Tsasarp *sa3ueyd JuaIINd pue Suruurdaq “sayoa
jo aouepunqe pasesadul T ‘adouppunge paseaaduy “°I 12A9T a93®M POIBISPON °1 -19S39X 193BMpROY
*938118QNS
9TY3lusq paseaxdaq 7 G781 Inoqe
Sutuur8aq ‘saeqpues
, *saisaeaqany *ysiy ‘swstuedao pue sTeoys ¢‘syoaam
W ‘IMo0Jia3em poseaadaq °T DTYiuaq paseaaddq T £3TpPTqan) peseaadul 1 ‘sSeus jJo TeAOWSY

s3oedwy [RUOTITPPYV

joeduy Axepuodag

3oeduy AIBWTIg

ainjeag 3o9loxg

1 Toog ur sSur3liysg TeANJEN uodf O£6T 03 I10TIg

saxnionalg pue L3TATIOY sdio) Jyo sioedu] a7qeqoig

*I% °1qel

.J

c—— -

SN TS Y




|
~
[0}
~

[}

*(91doad swos xo3)

S0TJ9Y1ISOE 9SEOIDAQ “*h
TOITTIPTTA *S91TS
JO 3IDUBRQANISTP SaseadIdul °T UOTIBDADDI SISEBBIOU] °¢
*soyjuaq Jo
SSOT ‘uUOTI3RIUDBWIPIS
¢£3TpPTQan3 seseaiduy *UOTSOl1d YMukq S9SEIAOUT °7
-so0Yjusq IIATX saonpay °[| °LIFo0T7sA x33BM SIseaIoUT T *TauuByd SOHUTFUC) -
*uoTieladan TeTrilsaa
*1M0JI93BM SWOS 103 -123 fyst3y ‘suwstuelio *3je3Tqey TBTIISSII9)
uoy3oajoad asesaour T mol30q paseaIdag T ‘oTYyzuaq paIsAc) T uor3ysodsp Trods
*9JTTPTTA DP3se2ad9q °7
‘ysTy ‘soyjuaq pasesadsq °T *BaI® VIBQG pOSBAIdUI 7
*L06T Inoqe ‘yauueyd
*ysT3 “soyiuaq poseaAddq I *£3EpTgIn paseaxduyl “°f 3003-9 xo03 Buy8paaqg

sjoedw] TeuoTITPPY

3oedu] LIepuodayg

3oBdWT AIBWT1J

2anjeay 3o=2[oag

03 10TXd S9an3oniis pue £3FaT3dy sdaxon o s3oeduy 9Tqeqoxd

(penur3iuop) T 100g uy sBuriisg TeanaeyN uodn OC6T

*T% 91qBl




-138-

Thus, the on-going maintenance of the nine-foot project alsc may have
a greater impact. Environmental impacts of early channel projects as well

as the nine-foot project have not been reported-upon previously.

Although atypical compared with downstream pools, some effects of the
present project may be similar to those in other pools. Thus, insofar as
possible, the impacte described above should be considered in the framework
of the whole Mississippi River system and in light of other human develop-

ments.

The Mississippi River mainstream is the largest continuous freshwater
corridor in the United States. Long recognized for its unique scenic, fish,
shellfish, wildlife, recreation and transportation qualities, concern for
the future of wildlife and fish in the valley which led to the establishment

of the Upper Mississippi River Refuge is still vital today.

Channel Maintenance

The effect of dredging in Pool 1 apparently has not been studied.
Compared with other on-going Corps' activities in the Upper and Lower Pools,
dredging and spoiling probably have the greatest impact on the natural en-

vironment.

Annually an average of over 125,000 cubic yards are dredged fron the
St. Anthony Falls pools. This amount is only slightly below the average
annual volume of the other pools in the Twin Cities area and the remainder
of the St. Paul District as well (See Table 42). Because of the length,
the dredged volume averages 22,000 cubic yards per mile. This is 38% more
than the next highest volume. However, there is no floodplain; thus the
spoil is piled higher or further constructs the channel. Although this
constricting process increases hydraulic efficiency--thus possibly rcducing
dredging--it also increases flood levels upstream. Further, more aquatic
and terrestrial habitat is lost when the spoil is spread out. When the spoil
is piled higher it revegetates less rapidly, if at all; it erodes more easily;
and it is aesthetically displeasing.
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42, Quantity of Sediment Dredged per Year from the Mississippi River
and Navigable Tributaries in the St. Paul Engineers District
(Calculated from data from S.P.D.-~NCS, 1973)

Average Annual
Volume Per Year
(in cubic yards)

St. Anthony Falls

Pool

1

Minnesota River

Pool

St.

Pool

Pool

Pool

Pool

Pool

Pool

Pool

Pool

2

3

4

5A

10

Pool

Total 14

Croix River

Total Annual Volume,
St. Paul District

Average Annual

Volume per Pool

23,522

125,640

12,253
175,126

40,836
112,187
487,836
235,969
152,302

95,371
150,303
282,549

155,000

94,313

2,143,207

153,086

Average Annual
Volume Per Year
Per River Mile

(in cubic vyards)

5,470
22,042
834
5,422
1,667
6,130
11,062
16,052
15,865
6,716
12,738
12,127
4,984

2,875

Average Annual

Volume per Mile

i, A 2

8,856
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The effects of dredging may spread beyond the site and last longer than
just the dredging period. Dredging creates a sterile area of the river bot-
tom and increases turbidity in the river. Turbidity may be harmful to fish
and other aquatic animals, as well as possibly reducing the productivity of
aquatic plants on which the aquatic animals ultimately depend. A study of
the effects of dredging upon water turbidity revealed that a 3-fold increase
in turbidity at the surface and at the bottom occurred 100 feet downstream
from the clamshell dredge. While the surface turbidity returned to '"normal",
the turbidity on the bottom was still nearly double the "normal" nearly a
mile downstream from the dredge (Figure 57). The amount of increased tur-
bidity and area affected may be less in Pool 1 even though the same equip-
ment is used, because the dredged sediment in this pool is generally a

coarser sand than at the study site in the Minnesota River.

The unstable, unconfined spoil banks usually begin eroding as soon as
they are deposited, with the resuspended sediments causing increased tur-
bidity and redeposition downstream. This sediment probably smothers bottom
organisms and removes fish habitat (and often requires redredging downstream

in the navigation channcl).

While the greatest turbidity may persist only as long as dredging pro-
ceeds, the recolonization of the bare river bottom may take years to accom-
plish. Mollusks have been reported to take ten or more years to recolonize

a dredged area (Stansbery, 1970).

. It seems, therefore, that the effects of dredging adversely affect the
natural environment not only on the actual site,but further downstream, and

through a longer period of time than at the actual dredging site and tinme.

Apparently some of the spoil is becoming revegetated. However, most of
the spoil lacks natural vegetation because it is too dry. Aesthetic appeal
of this reach of the river thus has been impaired. These nonvegetated

sites will erode and deposit more sediment in the river which must then be

dredged out again,
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Lock and Dam Operation

As mentioned above lock operations may provide a by-pass around the
dam to fish and mussels; attendant surges in current may produce some in-

crease in turbidity and bank erosion.
Although they may retard the migration of fish and mussels, dams pro-
vide a good means for aerating the water and thus improving conditions for

aquatic life.

Navigation Effects

Commercial navigation, barge terminals and other facilities decpendent

upon the nine-foot channel, may have adverse environmental effects on Pool 1.

The turbidity increases because of resuspension of bottom sediments

from propeller turbulence, and by bank erosion due to the energy of the wake,
by two to three times within 30 seconds after passing. Even 30 minutes af-
ter passing the turbidity may be 1 1/2 times that prior to passage of the

tow (Figure 58). The amount may be less in magnitude and duration in Pool

1 because some of the sediments are coarser than the study site in the Min-
nesota River. Spills and discharges coming from the vessels and barge ter-
minals may be adverse to the environment. The activity of commercial traf-
fic up and down the river provides aesthetic interest to many people, but may

also disrupt fish and waterfowl behavior.

. Effects of Impoundment

Impoundment of the Mississippi River in the gorge, formed when St.

Anthony Falls was receding has converted a large segment of a youthful,
wilder river into a quict reflective pool. A remnant of the river's former
energetic surface may be found under the Burlington Northern Bridge,just
downstream from the St. Anthony Falls Lock and Dam. The placid waters of

l Pool 1 provide unmatched facilities for the University of Minnesota and the

Minneapolis rowing clubs.
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to a Tow Boat on the Minnesota River at Mile 13.3,
from the Right Bank to the Left Bank on
September 25, 1973.
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However, this quiet pool also has the greatest amount of dredging an-
nually per mile than elsewhere in the Twin Cities area and the whole St.
Paul District as well. While the spoil banks provide areas for recreation,
the spoil is gradually filling in the narrow gorge, azltering its aesthetic
quality and reducing the river to a narrow channel. Spoil disposal as well
as dredging also may be detrimental to the recently reported small mouth

bass fishing.

As the spoil erodes, shallow water areas are formed which may provide
additional fish and waterfowl habitat. These shallow areas may also be

used for beaching small boats.

Except at the heavily-traveled bridges, the large apartment tower near
the Ford Bridge, and the tall, clumsy Health Sciences Building at the Uni-
versity, travelers through the gorge can easily forget that they are passing
through the heart of a large metropolitan area. As bare spoil banks continue
to fill the gorge, and as more apartment and other towers command the sky-

line, the aesthetic appeal of Pool 1 will decline sharply.

By virtue of converting a free-flowing river to slackwater pools and
subsequent sedimentation, impounding the river and maintenance of the chan-
nel, along with urbanization, are undoubtedly the most important human ac-

tivities affecting the river system., By comparison

", . . in the non-pooled section of the Mississippi River

between Cairo, Illinois, and St. Louis, Missouri, a reach

of nearly 200 river miles, there has been a loss of nearly
70 percent of the flowing side channels and approximately

30 percent of the channel surface since the 9~foot project
began. These losses are directly due to the construction

of emergent wing dams and closing structures, in combination
with dredging. This section constitutes nearly one fourth
of the total Upper Mississippi River reach committed to a
9-foot navigation channel (Vogtman, 1973)."
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This serves to emphasize the uniqueness of the remaining riverine habitats
farther upstream, particularly Pool 1, as well as to suggest what might

evenjually happen in this reach. .

Human impact on river valley ecosystems developed as the river grew
in importance as a trade route. In the nineteenth century, river transpor-

tation, which was important earlier in the fur trade, intensified as the

land was plowed, the forests lumbered, and cities flourished. These altera-
tions of the watershed probably yielded greater runoff carrying more sediment
and nutrients to the river. Water levels may have changed more drastically,
leaving broad areas of exposed bottom such as at the head of the present

Pool 1 compared with the present pools which now remain full from bank to
bank. These changes probably led to greater bank erosion, increased size
and number of sandbars and snags, and cutting off and filling in of back-

waters.

The increasing importance of the Mississippi River transportation to
the economy of the Midwest led Congress to direct the Corps of Enginecers to
develop the river for commercial navigation. Initially, impacts were limited
to loss of substrate through the removal of snags and boulders. Later,

channelization by wing and closing dams and by dredging brought larger-scale

impacts.

Some organisms probably benefited from impoundment while others probab-
ly suffered. Perhaps northern pike, sunfish and carp increcased. However,
the skipjack herring, Ohio shad and bluec sucker have bcen eliminated from

the river.

Impounding the river slowed the current, resulting in deposition of
sand, silt and organic matter burying the rocks and gravel of the free-
flowing river bottom. The increase in water level eventually eliminated 13
islands, totaling 73 acres (See Figure 59 and Table 5 in Section 1). Some

of these islands now are shallow arecas, some were dredged and others reside

below spoil.
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Slowing of a rapid, free-flowing river into a slackwater pool, a

moderate pollutional load and constant dredging up and thus killing of the

clams has probably resulted in a severe reduction of the mollusk community.

Apparently most mollusks require a 'lively current'", and a migrating
fish community in order to disperse and maintain productivity. The migra-
tion of fish is prevented (or discouraged) by dams (Ortmann, 1909), although

navigation locks may occasionally provide a means to bypass this barrier.

Grant found 27 species of mussels at Fort Snelling in the 1880's, where
more recently only 13 species were located (Dawley, 1947). This reduction
in diversity may be the result of the combination of urbanization and the

disruptions of the nine-foot channel project.
SOCIOECONOMIC SYSTEMS

The impacts of the Corps of Engineers' nine-foot channel project upon
components of the socioeconomic system bordering Pool 1 are identified be-
low and then discussed in detail. The socioeconomic impacts originate from
the Corps' operation and maintenance of Lock and Dam 1 and from maintenance
dredging of Pool 1, as well as from the Lock and Dam and maintenance dredging
elsewhere in the Mississippi River. Thus these project features produce a
commercially profitable navigation channel extending from Minneapolis 857

miles to Cairo, Illinois.

Identification of Impacts

The impacts of the river-borne commerce and the Corps' project features
which provide the channel may be divided into industrial, recreational and
cultural effects. At present it is possible only to estimate these impacts
by using the numbers of facilities and vessels, and estimating the number of
people involved. However, information is as yet unavailable on the dollar

value of these impacts.,




~-148-

Industrial Impacts

The principal industrial impacts are:
1. Barge transportation on the Upper Mississippi that leads to:
a. An increase in commercial docks on the River and
attendant employment,
b. Location of industrial plants along the River whose
raw materials or products lend themselves to shipment
by barge; this contributes direct employment in these
plants and indirect employment in firms --
1) providing goods or services as inputs to the barge-
oriented plants, or
2) using the outputs of these plants or raw materials
for their own operations,
3) reducing the recreation area and access, and
4) reducing aesthetic appeal of the gorge.
¢. A decline in the quality and increased turbidity of water
in some portions of the Upper Mississippi River due to --
1) effluents produced by barge-oriented plants, and
2) turbidity caused mainly by towboat movement
2, Additional employment due to the operation of the Locks and
Dams.
3. Decline in recreational opportunities on and alcengside the River
due to:
a. Increase in barge activity in pools and locks,
b. Loss of potential ramp sites due to industrial development
of riverbank property,
c. Loss of potential marina sites due to straightening and narrowing
of the river, and joining islands to the banks,

d. Decline in aesthetic appeal of riverscape.

To summarize, beneficial industrial impacts that result from operating

and maintaining the nine-foot channel and its associated locks and dams by
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the Corps of Engineers are an increase in the number of industrial plants and
commercial docks along the River with their associated employment, and the
employment in lock and dam operation. The detrimental effects are a decline
in water quality due to river barges and the related industrial plants along
the River, and a decline in opportunities for recreation on and beside the

River.

Recreational Impacts

The principal recreational impacts are:

1. A potential increase in recreational boating due to stable,
navigable water levels which should lead directly to more mari-
nas -- and their accompanying employment in other pools;

2. A potential increase in bird watching and fishing due to
an increase in --

a. Waterfowl habitat, and
b. Fish spawning areas resulting from rising water levels.
3. An increase in sightseeing visitors to Lock and Dam 1 and to the

gorge as a result of the spoil piles.
The effects cited above are positive except for those from increased in-
dustrial activity (barge traffic and industrial plants) that may reduce boat-

ing and fishing.

Cultural Impacts

No archaeological or historical sites of cultural significance in Pool 1
are known to have been affected by Corps' operations. A unique cultural fea-
ture, the Minneapolis Centennial Showboat, is located at the University of

Minnesota (Mile 852).

h
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Discussion of Impacts

The industrial and recreational impacts identified above are examined

in detail in the following three sections.

Industrial Activities

The industrial impact of the activities of the Corps of Engineers on
the Mississippi River in the St. Paul District can be measured mainly by
two major elements. They are:

1. The number of commercial docks for the transfer of cargo and

storage facilities;

2. The number of vessels and the tonnages on the waterway.

The industrial impacts due to the Corps' project in Pool 1 appear rela~
tively minor compared with Pool 2 because of the few terminals and vessels.
The limited floodplain area available for recreation and the unique aesthetic
quality of the gorge, contrastingvertical cliffs and horizontal water, sug-~
gests that perhaps the barge terminals and related facilities in Pool 1 may
have a significant impact. This impact will be substantially reduced when
the present relocation of three of the terminals to the St. Anthony Falls
Upper Pool is complete.

The relocation of the Minneapolis Municipal Terminal means that the in-
dustrial impact will be primarily the number of vessels and size of the tows
on the river which are passing through to and from the St. Anthony Falls

pools.

The sand dredged from Pool 1, which averages 125,000 cubic yards annual-
ly, could become a significant economic impact if a market could be developed.
This positive impact also would greatly reduce the adverse impacts upon the

natural environment caused by spoiling of the dredged sediment.
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Barge Activity. The greatest and most obvious impact of the activities

of the Corps of Engineers in Pool 1 has been the modification of the trans-
portation system due to the growth of barge traffic. The visual evidence of
the impact is seen in the physical structures (e.g. locks and dams, and the
four commercial docks and terminals) on the shores and the barge tows moving
along the river. Pool 1 has been the origin or terminal for a small amount

k of the commodities that move in barges along the Upper Mississippi River
until 1909. But more importantly it serves as a water link between important
commodity terminals upstream in the St. Anthony Falls pools and downstream

from it.

Figures 60 and 61 show graphically the growth of receipts into and ship-
ments from the St. Paul District in the 30 years from 1940 to 1970. Although
receipts still substantially exceed shipments, the growth in shipments (89
percent grain) from the district in these three decades indicates the great

impact of the river on the regional economy.

In 1970 some rough projections (based on 1964 data) were made of the

growth of commerce in the St. Paul District (UMRCBS, Appendix J, 1970). The
projections suggest that the tonnage of barge traffic moved in the Upper
Mississippi River basin will about double from 1964 to 1980 and about triple
from 1964 to 2000.

It is noteworthy that receipts into the St. Paul District have always
exceeded shipments. In earlier years this imbalance was often extreme(e.g.,
1953 receipts = 3,052,144 tons, shipments = 334,233 tons). Recently,however,
the ratio has been around 2:1. Inasmuch as grains and soybeans constitute
the preponderant tonnage of shipments, fluctuation in waterborne transport
of these products can be profound due to crop conditions and storage facili-

ties, foreign sales, and competing forms of transportation.

Data are not available on the tonnage of cargo originating, terminating,
' or passing through the St. Paul District. However, some comparative idea of

shipping activity can be gained from the following information. Vessel traffic
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measured in tons from Minneapolis to the mouth of the Missouri River is

shown for selected years as follows:

Year Total Vessel Traffic (Tons)
1962 30,526,626
1964 34,108,482
1966 41,311,941
1968 46,174,929
1970 54,022,749
1971 52,773,097

Detailed data on the amounts of commodities originating in Pool 1 or
destined for it are not available. However, analysis of commercial and
industrial facilities adjacent to the pool suggests that the major commodi-
ties originating or terminating in the pool are grain, petroleum products,

coal, and steel.

Statistics on the numbers of vessels originating, terminating, or pass-
ing through Pool 1 are not available directly. However, some comparative
idea of barge activity can be gained from studying the commercial lockages
through Lock 1 and the Lock at the Lower St. Anthony Falls -- the locks at
either end of Pool 1 -~ which are shown in Table 43. From 1960 to 1972 com-
mercial lockages through Lock 1 increased by 100 percent and those through
Lower St. Anthony Falls increased from only 71 in 1960 to 2,072 in 1972,

Commercial Dock Facilities. Firms that depend heavily on the river

often maintain riverside facilities. Pool 1 presently contains four commer-
cial docks and terminals, including onc that is devoted exclusively tu peto-

leum products, onc only to grain, and two to coal.

Behind these docks are factories and/or storage facilitics that are
dependent upon them. Thus, the ramifications of river navigation reach

deeply into the entire economy of the region surrounding Pool 1 and indeed

throughout the whole upper Mississippi region. Employment directly and in-




Table 43. Commercial Lockages in Pool 1
1960-1972 (S.P.D.-NCS, selected years).

Commercial Lockages Through...

Year Lock 1 Lock LSAF@
1960 1,082 71
1961 1,323 317
1962 995 69
1963 1,367 294
1964 1,688 523
1965 1,571 1,047
1966 1,703 1,199
1967 1,560 1,096
1968 1,748 1,419
1969 1,949 1,743
1970 1,914 1,694
1971 1,765 1,442
1972 2,193 2,072

qLower St. Anthony Falls Lock

directly connected to these industries forms a small though significant per-

centage of the regional work force.

From an economic point of view most of the effects of the activities of
the Corps of Engineers are beneficial. Ultimately the benefits of economic
activity have to be measured in terms of providing livelihood to human beings.
Employment generated by the availability of waterborne transport to Pool 1
includes both workers directly connected with the river itself and a far
larger number of those whose livelihood is less directly dependent on water
shipping. In the first category is included employment by the Corps of En-
gineers itself, workers on docks and shoreside facilities, and those working
on the vessels themselves. The second category consistes of those whose live-
lihood is gained by either utilizing the products brought into Pool 1 by
waterborne carriers or who process goods shipped by water. Included in this

category are those who supply goods and services to those directly involved

with water shipping on the Upper Mississippi.
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The total employment involved either directly or indirectly with all

L

commercial operations on the river is not known. The Corps of Engineers it-
self has some 150 persons who are concerned with lock and dam operations. In
addition to this the dredge "Thompson' has approximately 65 crew members.

U. S. Department of Commerce data on employment on the Upper Mississippi are
deficient as well. These data are collected for mid-. rch, a period when
water traffic in the St. Paul District is almost completely inactive and sea-
sonal lay-offs are in effect. Further, these data are aggregated in a way
designed to prevent isolation and identification of particular firms. This
also has the effect of preventing identification of employment or other eco-
nomic activity in particular pools or even of particular waterways. However,
some estimates of employment can be made. In mid-March of 1971 8,632 persons
in the U. S. were employed in River and Canal Transport. This figure does

not include warehousing or persons employed by firms where the SIC classifi-
cation lies outside of transportation, even though they themselves may be
working exclusively on the river. The same data show 556 persons in Minnesota
as a whole who work in the field of water transport. This, however, includes
the Great Lakes as well as the Upper Mississippi. Some of these people are em-
ployed by private dredging firms whose existence is dependent upon the work of

the Corps.

A further benefit which can be attributed to the maintenance of navigation
on the Upper Mississippi is in the savings in transportation costs, particularly
for bulk commodities. Estimates of these savings have been made. One of these
estimates the savings over the other various least-cost alternatives of between
4.0 and 5.4 mills per ton-mile.* It is generally recognized that bulk commo-
dities, particularly those having low value-to-weight ratios, are appropriate
for barge transport. Coal, petroleum, and grain that have thesc characteris-
tics are examples of such commodities that originate, terminate, and nove

through Pool 1 on river barges.

*Source: Upper Mississippi River Comprehensive Basin Study. Appendix J, p. 90.
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The socioeconomic impact of the physical effects of navigation cannot
be measured precisely because of the inability to isolate single factors from
a wide range of potential ones. Dredging and the movement of tugs and barges
does increase water turbidity to which must be added pollution from barge spfl—

' lage, washing and loss while loading or unloading. Yet this pollution is small

relative to the load placed in the river from other sources. These impacts may

have economic effects on commercial and sport fishing, which are discussed below.

Commercial Fishing. There is no known commercial fishing in Pool 1 due

to the lack of habitat and intensive industrial and other uses of the river
water. Pollution is significant and appears to have inhibited fish spawning

and growth.

Recreational Impacts

Recreational impacts in Pool 1 may be divided into boating activities

and related facilities, sport fishing, sightseeing and picnicking.

Boating Activities and Related Facilities. For Pool 1 the best avail-

able measures of pleasure boating activity are records of pleasure boats lock-
ing through Lower SAF and Lock 1 -- the locks at each end of the pool. These
data -- along with the total pleasure-boat lockages through these two locks --
are shown in Table 44 for the years 1960 to 1972. The table shows sharp in-
creases in pleasure craft locking through both Lock 1 (from about 1,300 in

1960 to about 2,800 in 1972) and Lower St. Anthony Falls (from none in 1960 to
1,455 in 1972) during the period. The table also shows an accompanying in-
crease in the number of pleasure-boat lockages during the period. Further in-
creases are expected as water quality improves, racreation areas become
available at Nicollet and Boom Islands and simply as the Twin Cities population
grows. The present fuel shortage reducing long trips to other waters will help

to increase the number of boats also.

A few physical facilities have been developed in Pool 1 that exist mainly

l to serve boaters using the pool. These include:
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Table 44, Measures of Boating Activity in Pool 1

1 1960-1972 (S.P.D.-NCS, selected years) .
L]
Pleasure Boats Through... Pleasure-Boat Lockages Through...
Year Lock 1 Lock LSAF® Lock 1 Lock LSAF? 1
1960 | 1,278 0 708 0
1961 1,211 10 838 10
; 1962 959 1 ‘ . 623 1
1963 1,427 5 856 5
1964 1,890 887 1,155 679
1965 1,121 402 _ 743 208
1966 1,677 809 1,064 581
1967 2,088 1,024 1,221 732
i 1968 2,193 1,218 1,422 881
1969 2,415 1,134 1,405 769
1970 2,960 1,482 1,861 1,010
1971 3,455 1,936 1,783 1,226
1972 2,798 1,455 ‘1,568 926

®Lower Saint Anthony Falls Lock
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Facility Number
Small boat harbors. marinas, boat clubs 1
Recreational sites with ramps 1

Both of these facilities result from Corps' operations on the River
that contributed the channel and stable water levels, although neither are

owned or maintained by the Corps.

Other recreational sites adjacent to Pool 1 are not directly affected

by Corps' operations.

Sport Fishing. Although precise data on sport fishing are not available,

attendants at each lock and dam make daily observations at 3:00 p.m. each day

throughout the year of the number of sport fishermen observed from their work

location. However, a considerable amount of fishing occurs also along the

riverbank although there are no figures presently to demonstrate this. Annual
data for the most recent years for which these records are available appear in
Table 45. The table shows a wide variation in sport fishermen observed from
Lock and Dam 1 since 1963. Because most sport fishermen observed from a lock
and dam are downstream from the dam, most of the fishermen seen from Lock and
Dam 1 are in Pool 2. Fishermen in Pool 1 -~ as seen from Lower St. Anthony

Falls, show no noticeable pattern for the available data. Sport fishing in

Pool’'l occurs mainly just below Lower St. Anthony Falls to avoid the more

polluted downstream areas.

Sport fishing will increase in popularity because of a larger human
population, for instance as part of the planned 30,000 population fer the
Cedar-Riverside Development, of improved water quality, thus more fish, and

of greater awareness of the resource among anglers.
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Table 45.. Number of Sport Fichermen Observed Annually
by Attendants from lock and Dem Sites at
Both Fnds of Pool 1 on the Upper
Mississippi River, 1960 to 1970

(UMRCC, selected years)

Year Lock and Dam ‘SAF Lock and Dan 1

1960 Not Available Not Available

1961 Not Available Not Available

1962 Not Available Not Available

1963 Not Available Not Available

1964 2,117 1,184

1965 Not Available Not Avzilable

1966 Not Available Not Available

1967 963 | 1,108

1968 1,162 1,194

1969 1,344 1,428 &
1970 1,281 635 |

Note: Counts are made once each day at 3:00 p.m.
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Recreational visitation in Pool 1 is difficult to estimate since long
strip parks border much of the lower pool. These parks are open along their

entire length to use by residents in the vicinity as well as hikers and

visitors arriving by car and bus.

Cultural Impacts

The stable water levels of Pool 1 combined with a safe navigational chan-
nel makes it possible to maintain the Minneapolis Centennial Showboat near the

University of Minnesota and downtown Minneapolis.
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4.  ANY ADVERSE ENVIRONMENTAL EFFECTS WHICH COULD NOT BE AVOIDED AS
THE PROJECT WAS IMPLEMENTED

Because the nine-foot channel project resulted in deepening of an existing
slackwater pool, the impacts of the present project were probably fewer than
in other peols. However, the effects of continuing maintenance dredging may
be greater by virtue of the limited area of floodplain and shallow-water
habitats in the unique gorge, and the location of the gorge in an area of high

recreational demand.

Pre-project impoundment lost 70 acres of islands; the nine-foot channel
project eliminated the last acre of island., The deepening of Pool 1 for the
nine~foot channel probably moved the head of the pool upstream. Thus, some

flowing-~river organisms may have decreased in abundance.

Increase in pool elevation also inundated some of the terrestrial habitat
along the bluuf slopes. While the area of this dry land was probably small
compared with that of downstream pools, the area of natural terrestrial habitat
in the gorge was considerably less. Thus, the effect of this flooding may

be as great as it was in the downstream pools.

The large amount of sediment dredged annually per mile from Pool 1
suggests that the effects of dredging on aquatic ecosystems may be more in-
tensive than in other pools in the area. This may be especially true because

the sediment is actually dredged twice (see Section 1).

Field studies of clamshell dredging of fine scdiment show that turbidity
is considerably increased nearly a mile downstream from a Minnesota River
dredging site. In Pool 1, although this effect may not be &s extensive because
the sediments are somewhat coarser, the annuul volume dredged per mile is
more than 40 times that of the Minnesota River. This turbidity has adverse
effects upon fish and bottom organisms. Furthermore, it has been reported

that dredged river bottom may take ten or more yecars before the clams return.
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Spoil sites take a similar length of time, depending at least upon soil
moisture which is a function of the height of the spoil pile, Presently there

are nearly 46 acres of spoil, most of it bare, erodable soil.

Spoil deposition may have a greater effect than in the downstream pools
because there is very little floodplain in Pool 1. Large spoil banks are
accumulating the narrow gorge, hastening its filling. These spoil banks
vegetate rather slowly, especially because of reuse of the sites, making them
higher and drier. This results in further smothering of the benthos and

reducing fish habitat,

At present, it is not known what proportion of the sediments originate
from upstream, and what erodes from the spoil banks in Pool 1. As the spoil
fills in the gorge, the channel narrows, probably becoming a representative
of the channelization occurring downstream and in St. Anthony Falls. Because
of its small size and large amount of sediment, the gorge may be filled in
more rapidly. Thus, the probably considerable aesthetic appeal of the present
gorge will be reduced. The fishing would probably decline, as would the

canoeing, crew rowing and sculling, and motor boating.

Although it may be questioned whether the Washington Avenue Terminal with
its unaesthetic piles of coal and pavement was "avoidable" or not, it intrudes
on the view of the river shared by thousands of persons cvery day on the

Minneapolis campus of the University of Minnesota.

Commercial navigation increases the turbidity of the river and contributes I
to bank erosion. At the same time, it also may detract from the acesthctic
quality. Discharges and spills from vessgels and barge terminals would also
have a detrimental effect, particularly on the aquatic environnent. 1 wvever,

studies are neceded to determine the nature and extent of adverse effects of

these effluents.
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Other aspects of the nine-foot channel project possibly have relatively
minor adverse effects upon the natural environment cof St, Anthony Falls.

Discharge from lock operations and turbulence form the dam spillway may cause

some increased riverbed and bank scour, and thus downstream turbidity and
sedimentation.
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5.  ALTERNATIVES TO THE PRESENT OPERATIONS AND MAINTENANCE ACTIVITIES
AND FACILITIES

Several alternative methods of operating and maintaining the facilities
and channel are possible. The large amount of sediment dredged from the channel
in Pool 1 and the high aesthetic appeal of the gorge directs attention

particularly to the alternatives for channel maintenance.

Channel Maintenance

The first consideration should be the problem of spoil deposition in
Pool 1. The lack of room to continue spoiling in the gorge means one or
several environmentally less sensitive sites located elsewhere, especially

to be reused where it will not find its way quickly back to Pool 1.

Several alternatives exist where the spoil could be deposited and
available for reuse. Within Pool 1 and with slight modification, the spoil
could be accumulated at the Minneapolis municipal terminal. Another possible
site is the downstream edge of the area known as the "University Flats".

Next year, when the University's lease of the flats is to be renewed, the
Park Board should retain several acres (which may have been an old spoil site)
for spoil deposition. An access road is available. This spoil site could
also be used as a recrcation area, for pilcnicking and sightseeing. Proper
screening with native vegetation of both spoil sites would reduce adverse

effects upon aesthetics.

Probably the best alternative spoil site would be a barge terminal already
handling sand and gravel. 7his site would have the necessary equipment to

handle barged spoil and provide ready access to potential markets.
A preliminary study by the Bureau of Sport Fisheries and Wlldlife, and a

comparison of Pool 1 sand with commercially available sand (Figure 62) suggests

that a potential market exists for Pool 1 spoil.

e —-—
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Figure 62. Comparison of Sand from Several
Spoill Sites with Commercial Sand
{Gudmundson and Senechal, 1973)

Secondly, a small hydraulic dredge should be used, which would reduce
the turbidity. Water running off from the newly deposited spoil should be

held in a ssttling basin, then discharged when its turbidity matches that of

the river.

Thirdly, the spoil sites which are present could become aesthetically
more appealing and environmentally less damaging if efforts were made to
revegetate the spoil. Keeping contours low would spread revegetation of the
spoil because the roots would be closer to the water level. Alternatively,
by reducing the drying of the sand on higher spoil piles with some cover such
as a layer of wood chips or irrigation and by reseeding, erosion could be
reduced, vegetation increased, thus increasing wildlife. Riprapping the spoil

slopes exposed to the current with large blocks also would retard return of




this sediment to the river. Floating log booms anchored parallel to the

spoil banks would reduce displacement of the riprapping during the spring
ice breakup., Fish and waterfowl habitat also would be improved.

Lock Operation

The auxiliary (riverward) lock should be placed into operation as soon
as possible to facilitate passage of pleasure craft, which otherwise must wait

for long periods of time for commercial traffic.

Dam Operation

Dam 1 presently is an overflow dam: water passes over only at the crest
or through the hydroelectric plant. Thus, sediments are not carried downstrea
during high water, as is the case at most of the other dams., Dam 1 should be
modified with tainter gates so that the discharge of Pool 1 could, at times,
be shifted to the bottom of the pool. This probably would reduce the heavy
dredging load this pool requires. This sediment might then accumulate at the
St. Paul Barge Terminal, where fish, wilflife, and recreation resources would
be less affected. A large barge terminal is located nearby, and it handles
sand and gravel. In addition, or at least in lieu of modifying the dam, the
lock gates could be modified so that they can also discharge from the bottom

of the pool during flood water.
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6. THE RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S ENVIRONMENT
AND THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY

Establishment of the nine-foot channel in Pool 1 brought economic and
recreational benefits to local citizens, and probably to some plants and
other animals. However, the facilities and operation and maintenance activities
have resulted in the alteration of a relatively rare geomorphic feature-~a river
gorge——and loss of some of its productive natural habitat. Also, the navigation

channel has induced the conversion of other natural habitat to urban development.
SHORT-TERM USES

During the life of the project, the growth of river transportation has
and will benefit segments of the economy. River-related jobs and businesses
may help forge a broader-based economy upon which to develop future economic
growth. Recreation and its economic benefits which come from the project
may have a wider appeal and facilitate more use of the gorge than the open

river may have.
ENHANCEMENT AND MAINTENANCE OF LONG-TERM PRODUCTIVITY

Development of commercial navigation on the Mississippi River in Pool 1
may have benefitted man's long-term economic growth, but also may have altered
or reduced natural productivity, although specific information is lacking.

The navigation channel resulted in increased water depth, dredging of the
river bottom and spoiling on the banks, and construction of navigation
facilities. It also stimulatcd development of commercial, industrial and
residential areas. Natural habitats have been altered by the changes brought
about by navigation, such as reduced riffle-communities, decreased shallow-

water communities, and decreased pollution-sensitive organisms.
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As sedimentation and dredge spoiling continue over a long period of .
time, the inundated portion ;f the gorge will be buried and the pool reduced
to a narrow channel, Thus, some aesthetic and recreational benefits have
been and will continue to be lost. This loss may be partially offset by the
creation of additional terrestrial habitat which possibly could provide a larger
refuge for wildlife--and, in fact, for human beings--and greater accessibility

to the remaining gorge.

Terrestrial habitat has been lost also as a result of construction of
the locks and dam and the barge terminals. These terminals probably encouraged
construction along the river of other facilities not directly connected with
navigation, The increased run-~off from developed areas such as these and
from other bare-soil areas increases erosion and further decreases biotic

productivity in Pool 1,

Creation and maintenance of the channel probably has disturbed the
natural river habitats on and near the channel sufficiently to reduce biotic
productivity. A single dredging or spoiling of a site requires ten or more
years to be repopulated. Continued disturbance possibly may alter the

physical environment to sufficiently extend this time.

Alternative land~use and maintenance practices could conceivably shorten
the time necessary for repopulation of a site and may begin a return of the
biotic productivity. Set-back of the businesses and terminals, except for
the actual loading-unloading facilities, and a central spoil disposal site
could result in a green along both banks. These and other erosion and sedimenta-
tion control measures probably could significantly reduce the adverse effects
of the nine-foot navigation project and related activities on the enhancement

and maintenance of the long-term productivity in Pool 1.
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Resource Implications for Socioeconomic Activities .

The major resource implications of continuing to operate and maintain the
nine~foot channel in the St. Paul District are summarized in Table 46. Resource
implications; i.e., the costs and benefits of the project, for the industrial,
recreational and cultural components of the socioeconomic system are discussed

in sequence below.

Corps' Operations

The major first-order direct benefits associated with lock and dam opera-
tion and dredging operations are 1dentified in Table 46. These include employ-
ment in lock and dam and dredging operations, maintenance of relatively stable
water levels in each pool, and the presence of a navigable nine-foot channel
in the St. Paul District. About 150 people are involved with lock and dam
operations in the district and about 75 with dredging operations; thus, about
225 people derive jobs and income directly from the Corps' operations. The
annual direct cost to taxpayers for lock and dam operations is $2,601,000
(FY 1970), and for dredging operations is $1,200,000. Specific environmental
costs of the stable water levels and the nine-foot channel in Pool 1 are an
increase in sedimentation behind the dam and a reduction in fish and waterfowl
habitat caused by improper dredge spoil placement. Implications of these

costs are discussed later in the recrcation section,

Industrial Activities

As summarized in Table 46, the major direct impacts of the Corps' opera-
tions on industrial activities are barge operations and commercial dock
operations., Table 46 notes that there are erployment implications for each

activity, but the benefits must be balanced against accompanying increases in

sedimentation, turbidity, and possibly other pollution in the river.
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Of special importance in the current energy crisis are the answers to
two questions that relate to barge transportation: How efficient is barge
transportation compared with other modes of transportation with respect to:

1. Energy use?

2. Air pollution?
Because the answers have major resource allocation implications for the Upper
Mississippi River, these two questions are analyzed below in some detail, In
addition, savings in transportation costs caused by barge movements are

discussed.

Barge Transportation and Energy Use. Efficient energy use is particularly

important because of the present (and probably continuing) energy crisis.

Efficiency also affects levels of air pollution.

At present, transportation uses about 25 percent of the total United
States energy budget for motive power alone. This use has been increasing

at an average annual rate of about four percent per year.

In comparing the efficiency of energy use between various transportation
modes the term "energy intensiveness' is commonly used. Energy intensiveness
is defined as the amount of energy (in BTU's) consumed when one ton of freight
is carried one mile (one ton-mile). The following table compares the energy

intensiveness of various modes of freight transportation (Mooz, 1973):

Transportation Energy Intensiveness

Mode (BTU's/ton-mile) Ratios of E.JT.
Waterways 500 1

Rail 750 1.5
Pipeline 1,850 3.7
Truck 2,400 4.8

Air cargo 63,000 126.




k
»
i

-176-

It is apparent. from the above table that waterways are more efficient than
any other mode of freight transportation. Therefore, under conditions of
restricted availability of petroleum, the use of barges wherever feasible
should be encouraged. Indeed, increased commercial use of the Upper Mississippi
River and its tributaries is likely. This will be further influenced by
increased shipments of grain out of the St. Paul District and increased imports
of coal and petroleum products into the region. Exports of grain to other
countries and shipments to other parts of the United States are expected to
increase. ENergy demands in the Upper Midwest are also expected to rise.

In addition, companies whose freight is now only iInfrequently involved in
barging may shift from other forms of transportation to the less energy-
intensive waterways. This shift may also be expected to change existing

concepts of the kinds of freight suitable for barging with consequent impact

on storage facilities. In many cases, economic trade-offs may exist between

the mode of transportation and the size of inventories considered to be suitable.
If the energy costs rise sufficiently, more capital will be needed because of

the slowerrmoving barge transportation and larger inventories and storage

space. If this occurs, other kinds of cargoes presently shipped by rail or

truck or pipeline may be diverted to barge.

In addition to energy conservation, the importance of the Upper Mississippi
River as a transportation artery is shown by the burden which would be placed
on the rail system (as the major alternative transportation mode used to move
heavy, high-bulk commodities) in the absence of barge traffic on the river.
In 1972 an estimated 16,361,174 tons of various commodities were received and
shipped from the St. Paul District, Uander the simplifying assumption that the
average box or hopper car carries 50 tons, this amuunts to the equivalent of
327,223 railroad cars, or some 3272 trains of 100 cars each, or approximately

nine trains each day of the year.

Barpe Transportation and Air Pollution. Barge transportation also results

in less air pollution per ton-mile than either rail or truck modes. Diesel

engines are the most common power plants used by both tugboats and railroads,
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A large percentage of long-haul trucks use diesel engines as well, The diesel
engine 1is slightly more efficient than the gasoline engine because of its
higher compression ratio. Thus, less energy is used to move one ton of freight
over onemile by diesel than by gasoline engines. Among users of diesel engines,
barging is more efficient than either rail or truck, as we have seen.
Consequently, a smaller amount of fuel is required to move freight. With less

fuel used, air pollution is reduced.
The concentration of air pollutants emitted from combustion of diesel
fuel versus gasoline varies substantially. The following table illustrates

these different concentrations (U.S.P.H.S., 1968):

Emission Factor

Pounds /1000 Pounds /1000
Type of Emission gallons diesel fuel _gallons gasoline
Aldehydes (R-CHO) 10 4
Carbon monoxide (CO) 60 2300
Hydrocarbons (CxHy) 136 200
Oxides of Nitrogen (Noz) 222 113
Oxides of Sulfur (SOZ) 40 9
Organic Acids (acetic) 31 4
Particulates 110 12

Based upon the energy intensiveness ratios shown earlier, a diesel train
will produce 1.5 times as much ailr pollution and a diesel truck, 4.8 times as
much air pollution per ton-mile as a tug and barges. 1In any event, no matter
which kind of pollutant is of concern in a particular case, the efficiency of
barging compared with other modes of freight transportation will result in

reduced ailr emissions per ton-mile.

Barge Transportation and Cost Savings. A further benefit which can be

attributed to the maintenance of navigation on the Upper Mississippi 1s in the

savings in transportation costs, particularly for bulk commodities. Estimates
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of these savings have been made. One of these estimates the savings over the

| other various least-cost alternatives of between 4.0 and 5.4 mills per ton-

é mile (UMRCBS, 1970). It is generally recognized that bulk commodities,

| particularly those having low value-to-weight ratios, are appropriate for barge
! transport. Coal, petroleum, and grain that have these characteristics are

‘ examples of such commodities that originate, terminate, or move through.the

St. Paul District pools on river barges,

; Recreational Activities

i Table 46 identifies the variety of recreational activities--from boating
and sport fishing to sightseeing and camping-~that may be helped or hindered

by Corps' operations. Ideally, it would be desirable to place dollar values

on each of the benefits and costs to the recreational activities cited in

Table 46 to weigh against the benefits of barge transportation made possible

by maintaining the nine-foot channel. Unfortunately, both conceptual problems
and lack of precise data preclude such an analysis. The nature of these
limitations can be understood by (1) looking initially at a theoretical approach
for measuring the benefits and costs of recreational activities, and (2) apply-
ing some of these ideas to the measurement of only one aspect of all recrea-

tional activities--sport fishing.

Benefits and Costs of Recreational Activities. Theoretical fram works

exist to perform a benefit-cost analysis of a recreation or tourism activity.

One'example is a study prepared for the U.S. Economic Development Administra-

tion (Arthur D. Little, Inc., 1967). Unfortunately, even this example closes

with a "hypothetical benefit-cost analysis of an imaginary recreation/tourism

project" that completely neglects the difficulty of collecting the appropriate
data.

Applying even this theoretical framework to the nine-foot channel project

presents both conceptual and data collection problems, For example, continuing




to operate and maintein the nine-foot channel may hurt sport fishing because

of the reduction in fish habitat., This means that the total value of sport
fishing in the river should not be considered in the analysis, Rather, only
the incremental increase or decrease in sport fishing attributable to present
Corps' operations (not caused by the initial lock and dam construction) should
be weighed against those operétions; no estimates are presently available to
assess the effect of current Corps' operations on fish and wildlife. Also,
reduced fishing and waterfowl habitat may become an irncreased terrestrial
habitat. What the fisherman loses the hunter, trapper, or birdwatcher

may gain.

This raises a second difficulty: How does one measure the total value of
sport fishing on the river in order to start to measure the incremental portion
attributable to Corps' operations? For sport f'shing, various measures have
been identified, each having its owvn drawbacks (Clawson and Knetsch, 1966):
gross expenditures by the fishermen, market value of fish caught, cost of
providing the fishing opportunity, the market value as determined by comparable
privately owned recreation areas, and the direct inverview method--asking
fishermen what hypotetical price they would be willing to pay if they were
to be charged a fee to fish.

If some average price per fisherman or trip were available, it still would
be possible to assess the total value of sport fishing in the study area only
if estimates of the number of sport fishermen or number of sport fishing trips
were avilable. In the St. Paul District these estimates are avallable through
sport fishery surveys for only three pools: Pool 4, Pool 5, and Pool 7. The
most recent data available for these pools are for the 1967-68 year (Wright,
1970) ; comparable data for 1972-73 have been collected, but are not expected

to be published in report form until about December 1973,

Valuing Sport Fishing in the Study Area. A variety of studies have been

done on recreation and tourism in Minnesota and the Upper Midwest during the

past decade (North Star Research Institute, 1966; Midwest Research Institute,
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1968; Pennington, et al., 1969). For purposes %f analyzing sport fishing and
other recreational activities on the Upper Mississippi River, however, they
have a serious disadvantage; these studies are generally limited to
recreationers who have at least one overnight stay away from home. In the
case of the St. Paul District, with the exception of campers and boaters on
large pleaéure craft with bunks, virtually all river users are not away from

home overnight and are omitted from such studies.

Information is then generally restricted to that available in the UMRCC
sport fishing studies such as those shown below for 1967-68 (Wright, 1970):

Total Number of Value at $5.00 Value at $1.50
Pool Number Fishing Trips per Trip* per Trip*#*
4 169,361 $846,805 $254,042
51,786 258,930 77,699
63,238 318,190 94,857

*Based on data reported in the "1965 National Survey of Fishing and Hunting"
that the average daily expenditure for freshwater sport fishing was $4.98
per day.

**Based on data in Supplement No. 1 (1964) to Senate Document 97 that provides
a range of unit values of $0.50 to $1.50 a recreation day for evaluating
freshwater fishing aspects of water resource projects.

Thus, the sum of the values of sport fishing given above for these three pools
varies from about $0.4 million to $1.4 million depending upon the valuation of
a fishing trip. Assuming one of these values were usable, the researcher is
still left with the task of determining the portion (either as a benefit or
cost) of Corps' operationé. With the limited funds availlable for the present
research and the limited existing data, detailed analysis is beyond the scope

of the present study.

Similar problems are present in evaluating the other recreational

activities in the study area.
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Cultural Sites

No attempt has been made in the present study to place dollar values on
archaeological, historical, or cultural sites damaged or enhanced by Corps'
operations. Rather, such sites have merely been identified, where existing

data permit.
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7.  ANY IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF RESOURCES WHICH HAVE
BEEN INVOLVED IN THE PROJECT SINCE IT WAS IMPLEMENTED

The gonstruction of navigation facilities and continuing channel maintenance
in Pool 1 required the irretrievable commitment of human and natural resources.
Fossil fuel, labor, concrete, steel, lumber, and equipment resources were
comnitted to the construction of Lock and Dam 1 and its appurtenant structures.
There is a continuing commitment of labor, electric power and equipment resources

? to the annual operation and maintenance of these structures.

The annual maintenance dredging of the nine-foot channel in Pool 1 also
consumes fossil fuel and labor as well as the commitment of wear and tear on

vessels and equipment,

Some natural resources were and continue to be irreversibly committed to
the nine-foot channel project as well. The greatest commitment is that part
of the gorge which is now filled with water and sediment. More natural
resources are committed as spoil is deposited along the channel. Only a
return to the open, flowing river may allow erosion to broaden the gorge

somevhat .

The sites on which Locks and Dam 1 were constructed removed natural
river bottom and riverbank habitat, Further, riverbank as well as blufftop
habitat was converted to barge terminals and storage facilities which are

dependent upon the nine-~foot channel.

| The free-flowing river and numerous islands flooded when the dam was
constructed for the six-foot channel, might return if the dam were opened

(breached), However, channelization of the Mississippi may have reduced

the assemblage of species characteristic of large free-flowing rivers to

make their comeback unlikely.

-
an::@_“,.h“m; .




Spoiling of dredged material is decreasing river bottom habitat and
altering terrestrial habitat as well., Habitat reduction has decreased popula-
tions of some game fish, ducks and mannals in Pool 2 and perhaps in Pool 1
also. Spoiling in Pool 1 is also decreasing the size of the pool in the gorge,

thus reducing the area available for riverborne recreation.
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8.  RECOMMENDATIONS

Certain studies should be conducted to determine specific adverse effects

and alternative methods of operation and maintenance of the nine-foot channel.

FOR LONG-TERM BENEFITS TO NATURAL AND CULTURAL SYSTEMS

1‘

Investigate thoroughly the physical, chemical and biological
(bacteriological) properties of spoil from each currently active
dredging site in the pool in order to assess its value for reuse
and more precisely analyze its limitations.

Pursue study of market potential and reuse of spoil as suggested
by BSFW study (1973), using detailed analyses above. This is the
only long-range solution to the detrimental impacts of spoiling.
It may also reduce the need for dredging.

Investigate in detail damage presently occurring to natural systems
in the pool as a result of spoll deposition-erosion.

Study effects of turbidity on aquatic organisms and waterfowl,
especially in the lower reach with fine sediments.

Determine the best method of barging spoill to central terminal and
rapid method of unloading to eliminate impact on sensitive natural
habitats of value. If the effort to find commercial and private
uses for the dredged sediment should fail, alternative spoil sites
should be located in Pool 2 or St. Anthony Falls Upper Pool.
However, it should be recognized that these are only short-term
solutions to a constant long-term problem.

Study the sources of sediment to Pool 2 in order to locate and

eliminate (or at least reduce) primary sources.

Study to determine better methods and/or equipment to dispose of

spolil, such as at a central redistribution terminal fo sale or

reuse out of the floodplain.
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More detailed surveys should be made of the populations of fish and
benthic organisms in Pool 1. An assessment should be included of
the degree of sensitivity of natural systems in Pool 1 to dredging
and spoiling operations. Corollary studies should be made on the
enhancement of existing spoil sites for aquatic organisms and
waterfowl,

Improve design of the Dredge Thompson cutterhead to reduce turbidity
during dredging operations.

Experiments should be conducted to determine the best method of re-
ducing erosion of spoil sites, including revegetation and riprapping
or diking, Such studies should consider enhancement of the spoil
sites to accomodate the probable future increase in recreation in
the gorge caused by the development of the high-density Cedar-
Riverside community. The Corps of Engineers probably could thereby
make a considerable contribution toward realizing the recreation
potential in this pool. Revegetation in the manner shown in

Figure 63 would help retard wind and water erosion.

Improve arrangement of varigation charts. Rearrange them to begin
with the head of navigation so they can be read in even sequence

from one river mile to the next in either downstream or upstream

direction.

Figure 63, Recommended Alternative Method of
Revegetating Spoil Sites. The screens

of natural vegetation are prependicular

to the current (Colingsworth and Gudmundson)
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On the lock guidewall, orient signs perpendicular to the course of

navigation so that directions for small boaters can be read as the
boat approaches the guidewall within the navigation channel.
Investigate ways to operate with a narrower channel such as
legislation requiring river pilots to be properly trained and duly
licensed, and embedding a sonar guidance device on difficult curves.
Formulate plan and implement to eventually remove all facilities
and structures from floodplain, except those¢ that can withstand
flooding with no protection, so that natural system may return to
enhance the riverscape and all urban structures are out of danger.
Study of fish, clam, etc., migration and devise ways to enhance it
at Lock and Dam 1.

Conduct a survey of future land use needs and potential of this
reach of Mississippl Valley similar to that being done for the

St. Croix Valley.

Develop and implement plan to use natural vegetation to space
terminals between natural areas and reduce to a minimum the terminal

facilities. Encourage structures and stockpiles be located outside

the floodplain or at least at highest levels of the floodplain,
Study measures to revegetate levees, which are biological deserts
which block access to the river and are aesthetically displeasing.
Paint the barges 1n more attractive colors. This would make them
more easily seen at twilight and improve aesthetics compared with
the present rusty brown.

Repair auxilliary lock for use by pleasure boats, especially because
this traffic is likely to increase as water quality improves in

Pool 1 arnd as the St. Anthony Falls area is redeveloped (sece

Minneapolis Plan. and Developmt., 1972).
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9. APPENDIX A: NATURAL SYSTEMS
I. METHODS OF DATA COLLECTION

Methods for Collecting Samples

Biological Measurements

'Benthic organisms were sampled using a Petersen (rarely, Ekman) dredge.
Vegetation cover, in acres, was determined by planimetry from aerial photos,
with subsidiary ground investigations to identify species, and to determine
abundance, age and growth rate. Both quadrat (percent cover of herbs, etc.

in one square meter) and point quarter methods (for trees) were employed.

4 QUADRAT ' . POINT QUARTER

‘,77°°| percent cover percent frequency

‘* 1~} of each species sl Ng of tree species
reported reported

Measurement of Physico-chemical Parameters

Temperature was measured by a thermister and a Precision Scientific
Instruments meter, standardized to a precision mercury thermometer
(APHA et al., 1971).

Dissolved oxygen was measured using a galvanic cell-type probe and a

Precision Scientific Instruments meter, standardized to the Winkler
titryrion, azide modification (APHA et al., 1971).

Turbidity.was measured by nephelometry using a Horizon Ecology, Inc.
nephelometer Model 104 (APHA et al., 1971).

Water depth was measured with sonar using a Heathkit Electronics

Company Model M1-101-2.

Slope angle was measured using an instrument made at North Star Research.
Light penetration (transparency) was determined by suspending a 20 cm.
Secchi disc with a marked cord (Golterman, 1970) in the water.

s = g e g 2 =




II. MAP OF PQOL ] AND TRANSECT LOCATION

The map of Pool 1 (See Figure 1) shows the location of sampling stations
along "standard" and "special" transects. Standard transects are surveyed
lines which cross the river at a right angle in each pool and are chosen to
sample its broad environmental diversity. They extend from bluff to bluff
and include bluff slope, river banks, marsh, open river and river bottom.
However, on long transects most of the sampling effort will be concentrated ‘
on the smaller area between the railroad tracks on each side of the river. |
Standard transect AA is located about 1/4 mile downstream from the upper dam, |
the area most river-like and perhaps least modified by impoundment; transect ‘
BB is located near mid-pool (See Figure 2) close to the primary control point,
often the marsh zone; and transect CC is located 1/4 mile upstream from the

lower dam in the deeper, lake-like region.

Similarly, special transects (XX,YY)were used to study features of
particular interest, such as the mouths of major tributaries, previously
studied sites, and spoil sites. The azimuth (compass direction, using N as

0 and E as 90 degrees) and other pertinent data is given in Table 1.

Sampling stations were located along these transects, and clustered
mainly in areas of transition between types of habitat such as shallow stump

field to deeper river channel and forest to bare sandy soil.

In order to gather more detailed information within some habitats, '"'secon-
dary" transects were located perpendicular to the standard or special tran-
sects. Sampling stations were 1located ramdomly along these secondary

transects.

Sampling Frequency

Field data to corroborate and expand the aerial survey of the terrestrial

vegetation was completed in October.
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Map of Pool 1, Mississippi River Mile
847.6 to 853.3 (USGS, 1967).
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Table 1. Description of Transects.

Pool; River Transect
Pool Mile Above Length
Length Transect Designation Cairo, IL Azimuth in Miles Azimuth target, Location

USAF Standard Transect UdAA 858.9 86° .15 SW corner of Minneapolis Water Works Bldg.
3.6 Standard Transect UBB 855.7 278° .13 Line up downstream legs of tower for high volt-
age line.
Standard Transect UCC 854.4 52° .31 Line up with D/S face of old limestone apt. bldg.
Lgf: Standard Transect LBB 853.4 175° .15 Mooring cell ladder on R/B nearest lower L/D.
Pool 1 Standard Transect l1AA 853.1 28° .15 Center of high-rise apt. bldg. on R/B.
3.7 Special Transect 1XX 851.1 39° .21 Gov't. daymark Mile 851.1; on spoil on L/B
Standard Transect 1BB 850.6 46° .15 Vertical seam on Platteville L.S. on left bluff
Special Transect 1YY 849.4 99° Oval pipe opposite; on R/B spoil downstream from

Lake St. Bridge. Mid-stream azimuth 35° to WMIN
radio tower, L/B.

Standard Transect 1CC 848.0 86° .20 Line up downstream face of high-rise apt. tower on
L/B (720 River Terrace).
Pool 2 Standard Transect 24A 847.4 263° .15 Chimney on nnrth wing (with white,round porch of :
32.4 MN Soldiers' Home Bldg.
Standard Transect 2BB 831.7 264° 1.10 Gov't. (USCG) daymark Mile 831.7 R/B 1
Special Transect 2YY 821.3,R 54° 1.10 Tall smokestack right of L/B water tower;

transect runs from mid-channel to R/B, sampled by
Hokanson in 1964.

Standard Transect 2CC 815.5 52° 1.00 Tip of peninsula which extends 0.35 mi. upstream
4D #2.

Special Study Area 833.2,R 54° - Mi. 833.1 Gov't daymark, 22?-yr-old R/B spoil site

Special Study Area 832.0,L 256° - Tower for high voltage line on R/B, 8?-yr-old

spoil site 4B.

Speclal Study Area 827.7,R 85° - Gov't daymark Mi. 827.7, 2?-yr-old spoil site
Minn. R. Standard Transect MAA M24.8 347° 1.00 Second bend above Shakopee (US 169) Bridge ’
26.4 Standard Transect MBB M13.0 335° 1.05 Gov't. daymark, Mile 12.5
Standard Transect MCC M3.0 128° .90 Gov't. daymark, Mile 2.9
St. Standard Transect SAA $5C24.8 305° .50 White hldg., right bank.
g;s:: Special Transect SXX SC16.6 85° .50 Upstream edge of bldg. at Lakefront Park. 1
25.0 Standard Transect SBB scl2.3 11° 1.05 Road coming down bluff to beach. )
Special Transect SYY SC 6.4 291° .38 Shallow dip in tree line on right bank

SC 0.7 .90 Fence marking upstream boundary of public beach on

left bank.

Standard Transect SCC
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Benthic samples were collected in April, and May and again in August
and September. Water quality data was collected in September and early No-

vember.

III. SUMMARY OF DATA COLLECTION POINTS AND TIMES

Benthic (bottom) grab samples were taken on all standard and special
transects during the months of April and May and in August. Sediments were
washed out using a 707 standard mesh screen, and organisms preserved. Iden-
tifications were made by Mr. Daniel Maschwitz, graduate student in the Depart-
ment of Entomology, Fisheries and Wildlife, University of Minnesota.

The width of vegetation zones intersected by the transects was measured
and one meter square quadrats and/or point quarter stations were used to de-
termine the abundance of plant species. Plant species identifications were
made in the field, and checked by Dr. Gerald Ownby, Curator of the Herbarium,

Department of Botany, University of Minnesota.

Field data and pertinent data from the literature are presented on data

sheets in Appendix A,IV.

IV. DATA SHEETS

Table 1. Abundance of Plants Found in the River Valleys.

Table 2. Vegetation of Floodplain and Bluff Habitats (Cooper, 1947).
Table 3. Vegetation of Spring Lake Area (Leisman, 1959).

Table 4. Birds of the Minneapolis-St. Paul Area (Dodge, et al., 1971).

Table 5. Water Quality of the Mississippi River Measured at Intake of
the Minneapolis Water Works in Fridley.

Table 6. Turbidity, Temperature and Dissolved Oxygen in the SAF, Pool 1
and 2 in the Mississippi River, and in the lower Minnesota
River, November, 1973.




Table 7. Downstream Profile of Turbidity and the Effect of Dredging and
Navigation, 1973.

Table 8. Benthic Animal Abundance.

Figure 1. Annual Volume of Sediment Dredged Within Each River Mile of
the Minnesota River, Arranged by Decade (S.P.D.~NCS, 1973).

Figure 2. Daily Mean Flow of the Mississippi River at the Gaging Station
Near Anoka, Minnesota During a Two Year Period (EPA).

Figure 3. Seasonal Changes in Temperature Measured at Station 1 Mile
856.8 on the Mississippi River During a Two Year Period (FWPCA).

1 Figure 4. Seasonal Changes in the Dissolved Oxygen Measured at Stztion 1

1 Mile 856.8 on the Mississippi River During a Two Year Period
(’WP CA) 3

Figure 5. Seasonal Changes in the Dissolved Oxygen Measured at Station 2

Mile 826.6 on the Mississippi River During a Two Year Period
(FWPCA).

Figure 6, Seasonal Changes in Specific Conductance Measured at Station 1
Mile 856.8 on the Mississippi River During a Two Year Period
(FWPCA).

Figure 7. Seasonal Changes in pH Measured at Station 1 MIle 856.8 on the
Mississippi River During a Two Year Period (FWPCA).




Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area

(P -~ present; M - moderate; D - dominant)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC|[BB | AA BB CC| AA BB CC]AA BB CCJAA BB YY CC

Trees and Shrubs

ACERACEAE

Acer negundo :
Box elder P PP LP
Acer nigrum
Black maple

Acer rubrum
Red maple ) P

Acer saccharinum
Silver or soft maple P P P P

Acer saccharum
Sugar or hard maple P P P

Acer spicatum
Mountain maple

Acer sp.
Maple P

ANACARDIACEAE
Rhug glabra

Smooth sumac P

Rhus radicans
Polson ivy

Rhus typhina
Staghorn sumac P P P

L 3 i g I T TP Y




Table 1. Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

. SAF
- Pool: Upper Lower 1 2

Transect: AA BB CC|BB | AA BB CC[AA BB CC
Trees & Shrubs (cont'd.)
BETULACEAE

Alnus incara
Speckled alder

Betula papyrifera
Paper birch . P P

Carpinus caroliniana
Blue beech or
hornbean

Ostrya virginiana
Ironwood or hop P P
hornbeam

CAPRIFOLIACEAE

Diervilla lonicerc
Bush honey ~urkle

Lonticerc prolijera -
Grape honeysuckle

Lonicera teizrica
Tartarian honeysuckle ' P

Sumbucué canadensis
Common elder

Sambucus pubens
Red-berried elder P P

Symphoricarpos occidentalis
‘Wolfberry

Symphoricarpos orbiculatus
Coralberry

Viburnum cassinoides
Wild raisin

CELASTRACEAE

Celastrus scandens
Climbing vittersweet

Minn.
River

AA BB CC

St. Croix
River

AA BB YY CC

P P PP
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix
) Pool: Upper Lower 1 .2 River River

Transect: AA BB CC|BB AA BB CC|AA BB CC{AA BB CC[AA BB YY CC

Trees .& Shrubs (Cont'd.)

CORNACEAE

Cornus alternifolia
Alternate-leaved ' -
dogwood

Cornus racemosa
Panicled dogwood

Cornug stolonifera
Red-osier dogwood
?f CUPRESSACEAE

Juniperus virginiana
Red cedar P ‘ P P

3 Thuja oceidentalis
White cedar
FABACEAE (LEGUMINOSAE)
Amorpha fruiticosa
False indigo R 1
Robinia pseudo-acacia
Black locust P P

FAGACEAE

Quercus alba
White oak

Quercus macrocarpa
Bur oak or mossycup P
oak

Quercus borealis
Northern red oak P P P P

Quercus velutina
l Black oak : P

' Quercus sp.
l Oak P




Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn, St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC(BB | AA. BB CC|AA BB. CC{AA BB.CC[AA BB YY CC

Trees & Shrubs (Cont'd.)

JUGLANDACEAE

Carya cordiformis
Bitternut hickory P P

LEGUMINOSAE: see FABACEAE

MORACEAE

Morus rubra ) i
Red mulberry P |

OLEACEAE

Fraxinus nigra
Black ash P P

; Fraxinus pennsylvanica
t var. subintegerrima
Green ash P PP

Fraxinus sp.
Ash - P P P P P P P P

PINACEAE

Larix laricina
Tamarack

Picea canadensis
White spruce

Pinus resinosa
Red pine P

Pinus strobus !
White pine P i




Table 1 .

A-12

in the Twin Cities Area (Continued)

. " Pool:
Species
Trees & Shrubs (Cont'd.)

Transect:

ROSACEAE

Amelanchier huronensis
Service-berry,
Shadbush)

_Amelanchier Spp.

Juneberry

Crataegus spp.
Thorn-apple

Physocarpus opulifolius
Ninebark

Prunus americana
Wild plum

Prunus pensylvanica
Pincherry

Prunus serotina
Black cherry

Prunus virginiana
Choke-cherry
SALICACEAE

Populus deltoides
Cottonwood

Populus grandidentata
Bigtooth aspen

Populus balsanifera
Balsam puplar

Populus tremuloides
Quaking aspen

Populus sp.
Aspen

SAF

Upper
AA BB CC

Lower
BB

1
‘AA BB CC
P
P P
P

Minn.
2 River

AA BB CCJAA BB CC

Abundance of Plants Found in the River Valleys

St. Croix
River

AA BB YY CC
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Table 1.
in the Twin Cities Area (Continued)
-SAF
Lower 1l 2
BB AA BB CClAA BB CC

Pool: Upper

Species Transect: AA BB CC

Trees & Shrubs (Cont'd.)

SALICACEAE (Cont'd.)

Salix alba
White willow P

Salix amygdaloides

Peach-leaved willow P P

Salix hwnilis

Small pussy-willow
Salix interior

Sandbar willow
Saliz nigra

Black willow

P P |P

Salix spp.
Willows

TAXACEAE

Taxus canadensis
Yew

TILIACEAE

Tilia americana
American basswood P P

ULMACEAE

Celtis occidentalis
Hackberry

Ulmus americana
American elm P

Ulmus punila
Dwarf elm P P |P P

Minn.
River

AA BB CC

Abundance of Plants Found in the River Valleys

St. Croix
_River

AA BB YY CC
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in the Twin Cities Area (Continued)

Table 1.
i Pool: Upper
Species Transect: AA BB CC

Trees & Shrubs (Cont'd.)

UIMACEAE

Ulmus rubra
Slippery elm

Ulmus sp.

Elm P

Vines (lianas)

VITACEAE

Parthenocissus quinque-
folia

Virginia creeper
Vitis riparia

Riverbank grape

Herbs

AIZOACEAE
Mollugo verticillata
Carpetweed
ALISMACEAE
Sagittaria sp.
l Arrovhead
AMARANTHACEAE

Amaranthus tamarincus
(or tuberculata)
Amaranth

APOCYNACEAE

Apocynun androsaemifolium
Dogbane

Lower

BB

1
AA BB CC

2
AA BB CC

Minn.
River

AA BB CC

Abundance of Plants Found in the River Valleys

St. Croix
River

AA BB YY CC
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1 Table 1 . Abundance of Plants Found in the River Valleys
] in the Twin Cities Area (Continued)

SAF Minn. St. Croix
- Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC|BB| AA BB CC|AA BB CC}AA BB CC]AA BB YY CC

Herbs (Continued) !

ARACEAE i
3 Arisaema triphyllum !
Jack-in-the-pulpit
Spathyema foetida
Skunk cabbage
ARALIACEAE

Aralia nudicaulis
Wild sarsaparilla

Panax quinquefolius
Ginseng

Panax trifolius
Dwarf ginseng

Hedera helix
English ivy P
ARISTOLOCHIACEAE
Asarum canadense
Canadian wild ginger P
ASCLEPIADACEAE

Asclepias exaltata :
Tall milkweed ?

Asclepias ovalifolia
Oval-leafed milkweed

| Asclepias syriaeca
Cormon milkweed P P P

Asclepias tuberosa
Butterflyweed

Asclepias verticillata
Whorl-leaved milkweed




Species

Table 1.

in the Twin Cities Area (Continued)

Transect:

] Herbs (Continued)

BALSAMINACEAE

Impatiens sp.
Jewelweed

BORAGINACEAE

Hackelia virginiana
Beggar's lice

Lappula redowskit
Stickseed

Lithospermum canescens
Puccoon, Indian-paint

Lithospermum carolinense
Puccoon

Lithospermum incisum

Puccoon

Onosmodium molle
Marble-seed, False

gromwell

Myosotis sp.

Forget-me-not

CAMPANULACEAE

Campanula rotundifolia

Harebell

Lobelia sp.
Lobelia

CAPPARIDACEAE

Polanisia trachysperma
\ Rough-seeded
clamyweed

SAF

Upper Lower

AA BB CC

BB

1
AA BB CC

2
AA BB CC

Minn.
River

AA BB CC

Abundance of Plants Found in the River Valleys

St. Croix
Rlver

AA BB YY CC
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

:
! SAF . Minn. St. Croix
- Pool: Upper Lower 1 2 River River
Species Transect: AA BB CC{BB| AA BB CC}AA BB cC|AaA BB CC|AA BB YY CC

Herbs (Continued)

CAPRIFOLIACEAE
Tricsteum perfoliatum

1 - Horse-gentian

CARYOPHYLLACEAE

Cerastiun arvense
Field chickweed

Cerastiwn nutans
Nodding chickweed

Cerastium vulgatum
Common mouse-ear
chickweed P

Saponaria offieinalis
Soapwort, Bouncing bet

Stellaria aquatica
Water chickweed
CERATOPHYLLACEAE
Ceratophyllum demersum
Coontail
CHENOPODIACEAE

Cheriopodium album
White pigweed P P

Chenopodium
gigantospermum
Pigweed P

Corispermim hyssopifolium
Hyssop-leaved pigweed P

Cyclolama atriplicifoliwn
Winged pigweed P




H . Table 1. Abundance of Plants Found in the River Valleys
l in the Twin Cities Area (Continued)

-

] Minn, St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC|BB | AA BB CC|AA BB CC JAA BB CC|AA BB YY CC

Herbs (Continued)

g : CISTACEAE

Helianthemmm bicknellii
P Frostweed
COMMELINACEAE

Tradescantia bracteata
Bracted spiderwort

Tradescantia occidentalis
Western Spiderwort
COMPOSITAE

Achillea millefolium
Yarrow
Ambrosia artemisiifolia
Common ragweed P P P
Ambrosia sp.
Ragweed P P
Antennaria plantagini-
folzia
Pussytoes

Anthemis cotula
Mayweed

Arectiwn minus
Burdock

Artemisia biernis
Biennial wormwood P P P

Aster novae-angilae
New England aster P

Aster spp.
Aster D P P P|]P P




Table 1.

A-19

in the Twin Cities Area (Continued)

Pool:

Species Transect:

Herbs (Continued)

COMPOSITAE (Continued)

Bidens beckiti
Water marigold

Bidens connata
Beggar's ticks

Bidens sp.
Bur marigold

Carduus nutans
Musk thistle

Cirsium arvense
Canada thistle

Crepis tectorum
Hawk's beard

Erigeron annuus
Daisy fleabane

Erigeron canadensis
Horseweed

Erigeron philadelphicus
Fleabane

Erigon pulchellus
Robin's plantain

Erigeron strigosus
White-top

Eupatorium maculatun
Joe-Pye weed

Eupatorivm perfoliatum
Thoroughwort

Eupatoriwn rugosum
White snakeroot

Upper Llower

SAF
AA BB CC
P
P
P
P
D P P

BB

1
AA BB CC
P
P
P P P

2
AA BB CC

Minn,.
River

AA BB CC

Abundance of Plants Found in the River Valleys

St. Croix
River

AA BB YY CC
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

Pool:

Species Transect:

Herbs (Continued)

COMPOSITAE (Continued)

Grindelia squarrosa
Curlycup~gumweed

Helianthus occidentalis
Western sunflower

Helianthus petiolarus
Petioled sunflower

Heliopsis helianthoides
Ox-~eye

Krigia biflora
Dwarf dandelion

Dactuca sp,
Lettuce

Prenanthes alba
Rattlesnake root

Ratibida pinnata
Coneflower

Rudbeckia hirta
Black-eyed Susan

Senectio pauperculus

Ragwort

Senecto plattensis
Ragwort

Silphium perfoliatum
Cup-plant, Rosinweed

Solidago altissima
Tall goldenrod

Solidago flexicaulis
Zig-zag goldenrod

SAF

Upper Lower

AA BB CC

BB

1
AA BB CC

2
AA BB CC

Minn,.
River

AA BB CC

St. Croix
River

PA BB YY CC




Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

% SAF Minn. St. Croix
: Pool: Upper Lower 1 2 River River

: Species . Transect: AA BB CC|BB | AA BB CC|AA BB CC|AA BB CCJAA BB YY CC

Herbs (Continued)

COMPOSITAE (Continued)
Solidago gigantea

Giant goldenrod P
k Solidago graminifolia
Grass-leaved goldenrod

Solidago nemoralis
Gray goldenrod

Solidago so.
Goldenrod P P P P P P PjPp P P P

Taraxacun officinale
Dandelion _ - P P P P P Py P

Vernenia fasciculata
Western ironweed P

Xanthiunm italicum
Common cocklebur P P P P P P P

CRUCIFERAE

Berteroa incana
Hoary alyssum

Brassica nigra
Black mustard

Cardamine pensylvanica
Bitter cress

Hesperis matronalis
Dames violet

Lepilium virginicum
Poor-man's pepper P

Nasturtium of ficinale .
Watercress P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)"

Pool:

Species ) Transect:

Herbs (Continued)

CRUCIFERAE (Continued)

Rorippa islandica
Icelandic yellow
cress

Rorippa obtusa

Obtuse yellow cress

Unidentified sp.

CUCURBITACEAE

Sicyos angulatus
Bur-cucumber

CYPERACEAE

Cares aenea
Sedge

Carex annectens
Sedge

Carex cephalophora
Oval-headed sedge

Carex communis
Sedge

Carex stenophylla
Involute-leaved
sedge

Carex laxiflora
Sedge

Carex lurida
Sedge

Carex meadii
Sedge

SAF

Upper Lower 1

AA BB CC

BB

AA BB CC

2
AA BB CC

Minn.
River

AA BB CC

St. Croix
River

AA BB YY CC




CYPERACEAE

Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn., St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC|BB| AA BB CCJAA BB CC|AA BB CC|AA BB YY CC

Herbs (Continued)

Carex normalis
Sedge

Carex sartwelliti
Sartwell's sedge

Carex stipata
Awl-fruited sedge

Carex wmbellata
Sedge

Carex vulpinoidea
Fox sedge

Cyperus filiculmis
Galingale
Cyperus inflexus

(or aristotus)
Awned cyperus : P P

Cyperus orbiculari
Galingale P

Cyperus schweinitzii
Galingale

Cyperus sp.
Galingale P

Eleocharis palustris
Spike-rush

Hemicarpha micrantha
Least hemicarpha P

Seirpus americanus
Sword grass




Table 1. Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

SAF
Pool: Upper Lower 1 2
Species Transect: AA BB CC{BB | AA BB CCJAA BB CC

Herbs (Continued)

CYPERACEAE

Seirpus atrovirens
Georgian bulrush

Seirpus cyperinus
Woolgrass

Seirpus rubrotinctus
Bulrush

Seirpus validus
Giant bulrush

Unidentified sp.

DIOSCOREACEAE

Dioscorea villosa
Wild yam

EQUISETACEAE

Equisetum arvense
Field horsetail ) P D

- Equisetun hyemale
Scouring rush

Equisetum pratense
Meadow horsetail
EUPHORBIACEAE

Euphorbia corollata
Flowering spurge
Euphorbia cyparissias
Cypress spurge

Minn.
River

AA BB CC

St. Croix
River

AA BB YY CC
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] Table 1 . Abundance of Plants Found in the River Valleys
; in the Twin Cities Area (Continued)

‘ SAF Minn, St. Croix
‘ Pool: Upper Lower 1 2 River River

Species - Transect: AA BB CC{BB | AA BB CC ﬁA BB cclaa BB cc A BB YY CC |

Herbs (Continued)

EUPHORBIACEAE (Continued)

Euphorbia esula
Leafy spurge P P P

Euphorbia sp.
Spurge P P

Euphorbia glyptosperma
Engraved-seed spurge L

Euphorbia nutans
Eyebane

FABACEAE (LEGUMINOSAE)

Amorpha canescens
Prairie lead-plant

Astragalus crassicarpus
Ground plum

Medicago lupulina
Black medick P ) 4

i Melilotus alba
l White sweet clover P M P D P P P

Petalostemm candidum
White prairie clover

Vieia craceca
Tufted vetch

| Vieia villosa
Hairy vetch

GERANIACEAE

Geraniun spp.
Wild geranium P

L e Y Y i sl DRIPIAL SO P i T
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

, SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species - Transect: AA BB CC|BB| AA BB CC]AA BB CCJAA BB CC|AA BB YY CC

Herbs (Continued)

GUITIFERAE

Hypericun sp.
St. John's-wort P

GRAMINEAE

Agrostis palustris
Creeping bentgrass P

Bouteloua curtipendula
Side~ocats grama

Calamagrostis canadensis
Reed bentgrass P

Echinochloa sp. D P P p P

Elymus canadensis
Canadian wild rye P P :

Elymus virginicus
Virginian wild rye P

Eragrostis hirsuta
Hairy love-grass P

Eragrostis hypnoides
Creeping love-grass D
Eragrostis pectinacea
Pursh's love-grass D ' P M P
Glyceria grandis
Reed meadow-—-grass
Glyceria striata .
Fowl meadow-grass
Panicun carillare
Witch grass M P P P P

Panicum depauperatun
Panic grass
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Table. 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF . Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species: . Transect: AA BB CC{BB AA BB CCjAA BB CCJAA BB CCJAA BB YY CC w

Herbs (Continued)

GRAMINEAE (Continued) j

Panicun dichotomiflorum
Spreading witch grass P

Panicum virgatum
Switch grass P

Phalaris arundinacea
Canary grass

Poa palustris
Fowl meadow-grass P

Poa pratensis
Blue grass 1

Setaria viridis
Green foxtail P P P P D

Setaria sp.
Bristly foxtail P

Spartina pectinata
Prairie cord grass P

Unidentified sp. D P P

HYDROCHARITACEAE

Vallisneria spiralis
Wild celery

HYDROPHYLLACEAE

Ellisiu nyctelea
(No common name)

Hydrophyllun appendicu-
latum
Virginia waterleaf
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Table 1, Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

Pool:

Species . Transect:

Herbs (Continued)

HYPERI CACEAE

Hypericum perforatum
St. John's-wort

Hypericwn punctatum
Spotted St. John's-
wort

IRIDACEAE

Sisgrinchium campestre
Blue-eyed grass

JUNCACEAE

Juncus balticus
Spikerush-

Juncus compressus
Spikerush

Juncus effusus
Spikerush

Juncus longistylis
Spikerush

Juncus secundus
Spikerush

LABIATAE

Galeopsus tetrahit
Hemp-nettle

Glecoma -ederacca
Creeping Charlie

Hedeoma hispida
Mock pennyroyal

SAF

Upper Lower

AA BB CC

BB

1
AA BB CC

2
AA BB CC

Minn.
River

AA BB CC

St. Croix
River

AA BB YY CC
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

Pool:

Transect:

Herbs (Continued)

LABIATAE (Continued)

Leonurus cardiaca
Motherwort

Lycopus officinalis
Water horehound

Lycopus virginicus
Bugleweed

Monarda fistulosa
Wild bergamot,
borsemint

Mentha arvensis
American wild mint

Nepeta cataria
Catnip

Physostegia virginiana
. Obedient plant

Prunella vulgaris
Mad-dog skullcap

Scutellaria lateriflora
Leonard's skullcap

Stachys palustris
Hedge mettle

Teucriwn canadense
American germander

Unidentified sp.

LEMNACEAE

Lemma spp.
Duckweed

SAF Minn. St. Croix
Upper Lower 1 2 River River
AA BB CC|BB| AA BB CCJAA BB CC|AA BB CC|AA BB YY CC
P P
P P
P
P
P P P P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC|BB | AA BB CC|AA BB CCJAA BB CCJAA BB YY CC

Herbs (Continued)

LILIACEAE
Allivwm cernuum
Wild onion

Lilium superbum
Turk's-cap 1lily

Maianthenmum canadense
Wild lily-of-the-
valley

'ﬁmdlacina SpPp. ) .
False Solomon's
seal P

Smilax sp.
Greenbrier P

Trilliun spp.
Trillium

LOBELIACEAE

Lobelia spicata
Highbelia,
pale~spike lobelia

MENISPERMACEAE

Menispermum canadense
Yellow parilla P

NAJADACEAE

Najas sp.
Naiad

Zarmichellia palustris
Horned pondweed

———
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Table 1. Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

Pool:

Species " Transect:

Herbs (Continued)

NYCTAGINACEAE

Mirabilis hirsuta
Hairy umbrellawort

ONAGRACEAE

Circaea quadrisulcata
Tall enchanter's’
nightshade

Epilobium ciliatum
Willow herb

Epilobiuwm paniculatum
Willow herb

Oenothera biennis
Evening primrose
OPHIOGLOSSACEAE
Botrychium virginianum
Rattlesnake fern
OSMUNDACEAE
Osmunda claytoniana
Cinammon fern
OXALIDACEAE
Oxalis dillenit
Wood sorrel
Oxalis stricta
Upright wood sorrel

Oxalis violacea
Violet wood sorrel

SAF
Upper
AA BB CC

Lower

1

BB | AA BB CC

S o

2
AA BB CC

IROSRIRPE W

s

AA BB CC

Mipn.
River

St, Croix
River

AA BB YY CC
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. Table 1. Abundance of Plants Found in the River Valleys
. in the Twin Cities Area (Continued)

SAF Minn. St. Croix
Pool: Upper Lower 1 2 River River

épecies Transect: AA BB CC{BB| AA BB CCJAA BB CC|AA BB CCJAA BB YY CC

Herbs (Continued)

PAPAVERACEAE

Sanguinaria canadensis
Bloodroot

- PHYRMACEAE

Phyrma leptostachya
Lopseed

PLANTAGINACEAE

Plantago major
Common plantain M P P P

Plantago rugelii
Wood plantain
POLEMONIACEAE

Phlox divaricata
Blue phlox

Phlox pilosa
Phlox

Polemoniwm reptans
Jacob's ladder
POLYGONACEAE

Polygonum ariculare
Common knotweed

Polygonur coccineum
Scarlet smartweed

Polygonien poncilzzeinm
Pennsylvania smartweed P P

Polygonwm sp.
Smar tweed P P P P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

Pool:

Species Transect:
Herbs (Continued)

POLYGONACEAE (Cont'd.)

Rumex acetosella
Sheep sorrel

Rumex crispus
Curled dock

Rumex mexicanus
Mexican dock

Rumex sp.
Dock
POLYPODIACEAE

Adiantum pedatum
Maidenhair fern

Cystoperis fragilis
Fragile bladder-fern
PRIMULACEAE

Lysimachia nunmmularia
Moneywort

Lystmachia ciliata
Loosestrife
RANUNCULACEAE

Anemone canadensis
Canadian amenome

Anemone caroliniana
Carolina anemone

Anemone cylindrica
Thimbleweed

Anemone quinquefolia
Wood anemone

SAF
Upper
AA BB CC

Lower
BB

1
AA BB CC

2
AA BB CC

Minn.
"River

AA BB CC

St. Croix
River

I\A BB YY CC
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Table 1., Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

SAF
Pool: Upper Lower 1 2
Species Transect: AA BB CC|BB | AA BB CCJAA BB CC
Herb§ (Continued)

RANUNCULACEAE

Anemone virginiana
Thimbleweed

Anemone sp.
Anenone

Anemonella thalictroides
Rue anemone

Aquilegia canadensis
Columbine

Delphinium virescens
Larkspur

Hepatica acutiloba
Liverleaf, hepatica P

Hepatica americana
Liverleaf, hepatica

Ranuneulus acris
Tall buttercup

Ranunculus abortivus
Kidneyleaf buttercup

Ronunculus aquatilis
White water-crowfoot

Ranmunculus pensylvanicus
Bristly crowfoot

Ranunculus rhomboideus
Prairie buttercup

Ranunculus scleratus
Cursed crowfoot

Ranuncuius septentrio-
nalis
Swamp buttercup

Minn.
River

FA BB CC

St. Croix
River

AA BB YY CC

P P P P
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

Pool:

Species Transect:

Herbs (Continued)

ROSACEAE

Potentilla recta
Upright cinquefoil

Potentilla simplex
Old-field cinquefoil

Potentilla sp.
Cinquefoil

Rosa blanda
Smooth wild rose

Rosa suffulta
Hairy prairie rose

Rosa sp.
Rose

Rubus oceidentalis
Black raspberry
RUBILACEAE

Galium boreale
Northern bedstraw

Galiun trifidum
Small bedstraw

Houstonia longifolia
Bluet
SANTALACEAE

Comandra wmbellata
Bastard toadflax

SAF

Upper
AA BB CC

Lower

BB

1
AA BB CC

2
AA BB CC

Minn.,
River

IAA BB CC

St. Croix
River

AA BB YY CC
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF Minn, St. Croix
_ Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC{BB| AA BB CCJAA BB CC|AA BB CCJAA BB YY CC
i Heérbs (Continued)

RANUNCULACEAE (Cont‘'d.) A

Ranwnculus sp.
Buttercup P

, Thalictrun dasycarpum
; . Purple meadow-rue

Thalictrun sp.
Meadow-rue P P

RHAMNACEAE

Ceanothus americanus
New Jersey tea

ROSACEAE

Agrimonia pubescens
Cocklebur

Alchemilla sp.
Lady's mantle P

Fragaria vesca
Wild strawberry

Gewn canadense
White avens

Geun laciniatum
Avens

Geum triflorum
Three~flowered avens ¢

I Potentilla argentea
Silvery cinquefoil
Potentilla arguta
Tall cinquefoil

Potentilla norvegica
Rough cinquefoil A
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Table 1. Abundance of Plants Found in the River Valleys

in the Twin Cities Area (Continued)

SAF
Pool: Upper Lower 1 2
Species Transect: AA BB CC|BB | AA BB CCJAA BB CC

Herbs (Continued)

SAXIFRAGACEAE

Heuchera americana
Alumroot

Heuchera richardsonii
Richardson's alumroot

Ribes sp.
Currant

SCROPHULARIACEAE

Besseya bullii
(No common name)

Linaria vulgaris
Butter-and-eggs P

Mimulus glabratus
Monkey flower

Mimulus ringens
Square-stemmed
monkey-flower

Penstciion gracilis
Slender-lcaved
beard-tongue

Penstemon grandiflorus
Large-flowered
beard-tongue

Serophularia lanceolata
Figwort

Verbascun thapsus
Mullein

Veronica americana
Speedwell

Veronicastrum virginicum
Culver's root

Unidentified sp. P

Minn.
River

AA BB CC

St. Croix
River

[AA BB YY CC
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Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

’

' Minn. St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB CC|BB | AA BB CCAA BB CCJAA BB CC|AA BB YY CC

SAF

Herbs (Continued)

SOLANACEAE
Physalis heterophylla
Clammy ground-cherry

Physalis longifolia
Ground-cherry

Solanwn nigrum
var. americana i
Black nightshade PP P P
SPARGANTACEAE
Sparganium
Bur-reed
TYPHACEAE
Typha latifolia :
Cattail P
UMBELLIFERAE

Angelica atropurpurea
Alexander

Cryptotaenia canadensis
Wild chervil

Heraclewn lanatun
Cow parsnip
Osmorhiza longistylis
Sweet cicely

- Pastinaca sativa
Wild parsnip

Sanicula marilandica
Black snakeroot

Zizea aurea
Golden alexander




Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

SAF ~ Minn.  St. Croix
Pool: Upper Lower 1 2 River River

Species Transect: AA BB cC [BB | Aa BB cclaa BB cclaa BB cclaa BB YY cC

Herbs (Continued)

URTICACEAE ®

Boehmeria cylindrica
False nettle

Parietaria pensylvanica
Pennsylvania pelli-
tory P D

Urtica dioica
Stinging nettle P.

Laportia canadensis
Canadian wood-nettle P

Unidentified sp. P P PP

VERBENACEAE

Verbena bracterata
Large-bracted vervian P

Verbena hastata
Blue vervain

Verbena simplex
Vervain

Verbena stricta
Hoary vervain

Verbena urticifolia
White vervain

VIOLACEAE

Viola pedata
Bird's-foot violet

VITACEAE

Parthenoeissus inserta
i Thicket creeper,
woodbine




Table 1. Abundance of Plants Found in the River Valleys
in the Twin Cities Area (Continued)

E SAF . Minn, St. Croix
Pool: Upper Lower 1 2 River River
Species . Transect: AA BB CC|BB AA BB CCJAA BB CC|AA BB CCJAA BB YY CC
F Herbs (Continued)
HEPATICAE
(Liverworts) P
: MUSCI (mosses) ! P P P P




Table 2.

Vegetation of Floodplain (old dredge spoil) and Bluff
Habitats on the Minnesota River (Cooper, 1947).

Trees
Acer negundo
Acer saccharinum
Fraxinus nigra
Fraxinus pennsylvanica
Fraxinus sp.
Populus deltoides
Salix amygdaloides
Ulmus americana
Ulmus rubra

Shrubs
Cornus stolonifera
Cornus racemosa
Salix longifolia
Sambucus canadensis
Vitis riparia

Herbs
Acalypha rhombodia
Anemone virginiana
Aster lateriflorus
Aster sp.
Bidens sp.
Boehmeria cylindrica
Boltonia latisquama
Carex gracilima
Cuscuta sp.
Elymus virginicus
Eupatorium perfoliatum
Geum sp.
Helenium autumnale
Heuchera richardsonii
Laportia canadensis
Lathyrus sp.
Leersia oryzoides
Lycopus virginicus
Menispermum canadense
Mentha sp.
Physostegia speciosa
Plantago major
Oryzopsis sp.
Stachys aspera
Urtica gracilis

Box elder
Soft (Silver) Maple '
Black ash ‘
White ash

Ash

Cottonwood
Beech-1leaved willow
American elm
Slippery elm

Red-osier dogwood
Racemose dogwood
Willow

Common elder
River-bank grape

Three-seeded mercury
Tall anemone
Calico aster f

Stick-tights

False nettle

Small headed boltonia
Sedges

Dodder

Virginia wild rye
Common boneset

Sneezeweed

Alum root

Wood nettle

Wild pea

Rice cut-grass
Bugle weed
Moonseced

Mint

False dragon-hcad
Common plantain

Rough hedge nettle
Slender wild nettle
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Table 3. Vegetation of the Spring. Lake area
(Data from Leisman, 1959).

HABITAT: Ravines and Bluffs

Trees - . common

American elm Ulmus americana
Slippery elm Ulius rubra
Basswood Tilia americana

Green ash Fraxinus pennsylvanica
var. subintecerrima

Box elder Acer negundo
Cottonwood Populus deltoides

Red cedar Juniperus virginiana

~ present
Ironwood Ostrya virginiana
Butternut Juglans cinerea

Oaks (several) Quercus spp.

Paper birch Betula papyrifera

Shrubs - common

Red-berried elder Sambucus pubens

Missouri gooseberry Ribes missouriense

Prickly gooseberry Ribes cynosbati

Black raspberry Rubus occidentalis

Prickly ash Xanthoxylum americanum

Hazel Corylus americana

- present

Wolfberry Symphoricarpos occidentalis

Yellow jewelweed Impatiens pallida

Nettle Urtica procera

Sweet cicely Osmorhiza sp.

HABITAT: River Terraces and Uplands

Trees

Northern red oak Quercus
borealis

Pin oak Q. palustris

Bur oak Q. macrocarpa

American elm Ulmus
americana

Bitternut hickory Carya
cordi formis

Butternut Juglans cinerca

Hackberry Celtis occident-
alis

Shrubs
None

Herbs
Kentucky bluegrass Poa

pratensis
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Table ¢4 (Continued),

Species Habatat | Jan. Feb. Mar. Apr, May June July Aug. Sept. Oct. Nov, Dec.
L.oon Al i . — : . : T 7 R 1
Red-throated Loon Al i . e : | i . I
Holboell's Grele A i | ET LT TTTY U0 I SIS SRPI SUPUNP S S b
Horned Grebe Al-2 i by - i - clefe - -

Eared Grety Al-2 : | . oo . ' ! : Do ;

g Pied-billed Grebe A2-3 i ; ‘ P
¥ . - . i ) .

Whate Pelican Al T ! o oo o : o . , ‘ . Lo
Puuble-cr. Cormorant Al :
Great Bluc Heron A2-3 l . . P .

{ American Egret A2-3 | N e e I . i Co
Green Heron A3, B-5 ! o C
Bl.-cr, Night lleron A2-3,C-1 I L S L L G S [

; = . 1 i |
American Dittern A2-3 i . U e
Least Bittern A3 ! emegpedmacandemanrdonceatemmwnge i ] '
Whisding Swan Al ; . ; I v I D ' t cemmadadagada ! |

N I i s T i
Canada Goose Al-2 . . ‘ \ | Co P . - -
White-fronted Goose Al-2 I . | Py | l i b Vol I
Snow-Blue Goose Al-2 i amposmmr— Lo l l 5 i (B
| i [ : (-
Mallard A JENG USRS U [y U . -
Black Duck A P O U (S DU U (SN SO : co -]
Gadwall A : . P P P . .- :
L ¢ 1 b i L i !
Baldpate A ! Lo oo ey -
American Pintail A - RN R DY P — -
Green-winged Teal A o o ! ISP SUSS e | e
! S NN DR N ‘ L
I T [} i 1 ; 7 ,
Blue-winged Teal A2-3 l ——e ; - - L SXTLET DY
Cinnamon Teal A2-3 ' folel B P by vl . H Pt |
Shoveler A2-3 . B P P etmi |
| | ) i
Wood Duck | — : ’ : L o
Red head A i [ PR [, Lo -
Ring-necked Duck A [N DU U U, .
Canvas-back A [ . : Pl i ty | l-q L
Lesser Scaup Duck A - —f o ot | i -; — ; cecwed
Greater Scaup Duck A | | | b - ' o i ‘ b i
Golden-cye Al |et=retebeo-t - : ‘ ; i P e
Barrows Golden eye Al ( | ’ I '1 ty g ) | [ } l l f l
Ruffic-head Al . D - — IR | P ..
r . — 7
Old Squaw Al I of | j ! ‘ : r ! | !
Whitewinged Scoter Al . . { \ i I ‘ o oleie e i
Sur! Scoter Al N P ol | el |
] . . ——
1 1
American Scoter Al | ! ' I | l (. ‘ l ‘ J
Ruclly [rek A2-3 T Edodd ere i
Hooded Merganst A -l-ia N —et e D R e s T -
R — -~ e R T e R
Amerifcan Merganser A leereadememat e e man ST
Red-breasted Moryvanser A -*~jo- m—eecton ! l ‘ -
Turkey Vuliare F ! . - ...l’.- .-—-“.._ P T B B B R ' i
Swallow-tatled Fies [ I . ‘ - L .
Goshawk o : — | P! b : ( | ‘ . T
Sharp-shicned Hawk C pa ! l l oo ) R PR P DU P Y . -dad -+-;-. | J
| B I O Y S A S O




Table 4, (Continued).

Specles

e,

Cooper's Hawk
Red-tafled Hawk
Red-shouldered Hawk

=
[eNeK e}

K]

Broad-winged Hawk
Rough-legged Hawk

Ferruginous Rough-leg

mmm

oo

Colden Eagle
Bald Eagle
Marsh Hawk

]
omm

Osprey
Gyt falcon
Duck tHawk

Ty

[2ReNe]

Pigeon tlawk
Sparrow Hawk
Ruffed Grouse

‘nm

Prairte Chicken
Sharp-tailed Grouse
European Partridge

=
o%0 |leoa

Bob-white
Ring-necked Pheasant
Sandhill Crane

0
N
)

N
o9«

>

King Rail
Virginia Rail
Sora

>

(Y
)

Ca

Yellow Rail
Florida Gallinule

- ——

Coot caem

Piping Plover ‘

Semipalmated Plover i
SN

Killdeer

Golden Plover
Black-bellivd Plover
Ruddy Turnstone

[ S

Woodcock
Wilson's Suipe
Upland Plover

Spotted Sandpiper
Solttary Sandpiper
Western Willet

Greater Yellow-legs
Lesser Yellow-logs
Knot

Pectoral Saundpiper

White-rumped $indpiper

Raird‘s Sardpiper

Least Sanipiper
Red-hacked Sandpiper
Dowitcher

haslh
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Table 4 (Continued),

Specics Habitat | Jan. t'eb. Mar. Apr. May June July Augr. Sept.e Ot Nov. Dec, 1 Y
gy ———{ y— T-{-7 -
Stile Sandpiper H, 1 I 1 1 ﬂ _‘ }Jj ‘ \ -I- - —7\—,-. —:_r,- —\' ' ‘
Semipalmated Sandpiper H.1 L. — ws | -e- . PP |
Buff-breasted Sundptper D, H,1 I ! (| b= _‘_I- }
Marbled Godwir D.H.1 i foi o]
[ Hudsonlan Godwit H.1 ol J
Sanderling H _l...r A=l=l=|=1-
.; v :
Avocet H.I . e 11 T
B Wilson's Phalarope DI- A - -i_.- ESY LSS TEF PRI Uy Uty Py S0 (R (U Shn) U 00 D
Northern Fhalitope Al l - { . . -
Herring Gull AF R b P ! A4 .
Ring-billed Gull AF : i T . . o
| Franklin's Gull A.D.F | | oo b . | . r
| ' i
Bonaparte's Gull AR . . ..]_ -1~ - -
Forster's Tern A ! = - _l_ =
Corimon Tern A t ' ’ 1 | i
T S o . |
Least Tern H,F i l S o
Caspian Tern F.A l 10 (U P B R S S S ey
Black Tern A | } 1T | | I
; ; X ‘
Mournlng Dove D P Y R O ) DO ! ] ‘ RN D DT
Rock Dove E - . : o !
Yellow-billed Cuckoo c ) ! ' P — j — — t e J
.
Black-billed Cuckoo c | | {-L T AT - |
Screech Owl c L C ! ! ]
Great Horned Owl c i : C! L o | ] S
T
. R
O S T O O S L N OO N O A
Snowy Owl D -__,_.___3_‘_ -l ] ! i i | | [o ; .!__;_;_ —l—-
Hawk Owl c \ |11 | » ‘ l ‘ i | P 01
Barred Owl c ; —t ‘
] I MR = ‘ ‘
Great Gray Owl [o} .d l ‘ l l | ! } | P i i - [ | |
Long-eared Owl C merredesseadetoectoentadadoan Y ELETET ERRLEE TRttt AL R
Short-eared Owl N R G (LA U U SUPA S G QP P PP PPIPINY DRSPS GNP IS RS
{ 7 { ! ' ! |
Saw- Whet Owl S (T O SNt DR AN An et DU PUN SIPIPUN PRIND SIOI S Y ek LEaDE CE R
Whip-poor -will l | P O DRy PR SIS Sty B
Night hawk , ‘ — i i
Chimney Swift F b b Pk .
Ruby-th'd Husnniingbird CE b i l l [ -J.-
Belted Kingfisher c-1.G _1_;__ R - ST S
i o !
Flicker [} _l-<___§_ _—— JEY PR P,
Pileated. Woodpecker C i . I
Red-bellicd Woodpecker C cqrcobemecndomenctborarclorceaborccaticiaadrcnecedencacdiearcdemaradonann
Red-headed Wondpecker C PR P PRI [P DU,
Yellow-Lellivd Sapncker c s o : P O T U I v o
[ Hairy Woodpecker C .
Downy Woodnecker C
Artic 3-toved Woorinecker C o ) i ! | o ! . ole P
Kirg bird B-3,C-4,D SR IR I [ IR
Vestorn K piird ST NI VO A U R SR SO S | ‘
' Crested Flycatcher [of ’ Py v . g i ‘ Vo
Phoebe C-1,8-3 L | SIS NI B RPN PR
j ! [0 I S S 5 N A I O O O O

T A AP, i s
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Table 4“(Continued),.

Specles Hab, Jan. Feb, Mar, Apr. ay June July Aug. Sept, (xt. Nov, 5 XA
: T T T T
Yellow-belhied Flycatcher (o1 E -;.l-. - l I I +.l- .I-l-. .
Alder Flycatcher BC 4 - : . - |
Least Flycatcher c Lod e I P | .
! ' : i
Wood Pewee c (| [ i P [ i
Olive-sided Flycatcher c L] ] l [
Horned Lark D P S R e i ! [ ; o~
1 l . i .
Tree Swallow ‘ FB . ! : . — L in
Bank Swallow FG sl e i S B
[ Rough-winged Swallow FG ;‘ . —— j !
L t I
I ; T 7
Barn Swallow EF : ) ' : ' : - I
Cliff Swallow GE --l.---.T-.‘.-.-;-.4-.;-.'-..----..-;’-.-.-. ! |
Purple Martin EF L oo — . Y . I
1 [ i [ v ; B [
Canada Jay c [4]F [ | REREREN NRREREA R
Blue Jay c . . L ! |
Magple CB FUS PRy N g I | | i | P -é-}-—i-,‘-—‘-—
: . , —— ———
Raven CF | I A I <kl it
Crow CF —pedodn —r ‘ . . IR S S
Black-capped Chickadee [o] : L . — ;
! N K ;L
Hudsonian Chickadce [o}:} L ‘ l | i I . i i
1 Tufted Titmouse c oo [l oo e | fom | = } ...I..l.. e e L
. White-breasted Nuthatch (o} ! ! ! P
; | ! | !
" Red-breasted Nuthatch c ~—-...._..__....—..--i.. ] -i......-..[.-——‘[_“..........
Brown Creeper o] . P P OR ..l.. - f . .
House Wren .EC ‘ ] ! | | LI PR ‘ ! v
} | I | i i RN
T
Winter Wren B-4,C ol G hd Rl el i ~=]=]-]-]-]-
Bewick's Wren (o] we |oep 3 l
Carolina Wren (o} pos L onfco pe |eo . ad h 1* eo oo .
i )
Long-billed Marsh Wren A3 - ~! e . o l
Short-billed Marsh Wren DI - : - — — e |
Mockingbird c . he -o[ La L | i ; | ' [ e i el
! ] ! l H
Cat bird CE L T , e : i .
Brown Thrasher CE IS . — . PR PR U S
Robin ) CE B I o TS P P . . . . UG PR P
Woad Thrush o] ! [ . D : ; : '
Hermit Thrush o] ; Cd ; l ---.; ¥ i
Olive-hacked Thrush c R ; N A I
Gray-cheeked Thrush c ! I ! i ! - I ! |
Veery C ! | I " [ ‘ ! !
Bluebird =f=i=] | e ! — o -
Towrnserd's Solltalre [} . ' o ‘ea . 3 . € ew !
Biyc-gray Gratcatcher C b | R P o R e SR ' | ‘ .
Golden-crowned Kiuglet o] === =il -l ] ; , o [ - - -
Ruby-crowned Kinglet C L . . i | - i
American Piplt | , b [ ! IR PRy § i i
Bohomian Waxwing C R [PUSS VIS ORI PR [ TR O o . ; [ o | o oo -
Cedar Waxwing C o | | -;—’.. . ' == - -
Northern Shrike 8:3,C-4,D  [=|omem|mim]m fm e | i | [ ] | | l L ] oo =] =im] =
Migrant Shrike C-4,D i ] T i T ] I
|
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Table 4 (Continued),
e -
Species Habitat Jan, Feb, Mar, Apr. May June July Ang, SKept. Oct. Nov, Dee.
i T T T T
Starling e I | J 'f -] HREEREEAREE
Bell's Vireo cB i|el ed . I | | i " ! '
Yellow-throated Vireo C ! . l |
1
Bluc-headed Vireo (o] ‘ Co '. ! — :
Red-cyed Vireo C | |t | Vo ! f
Phfladelphia Vireo (o] l L)L . ; { P I B
Warbling Vireo c i : ' ‘ ;
Black & White Warbler c e e R '
Prott t Warbl LU P U (UGS (U U (UG DU U P P P H
othonotary Warbler Cl ! i 1 . sz [
Worm-cating Warbler B4 H l - [. i ' I | ; l
Golden-winged Warbler B3 ! \ - ol C TR PP . =,
Blue-winged Warbler B2-3 I | [ofed |o! L] ! l
. : 1 1 ! ! i
TFenncssec Warbler c by ‘ l i | !
Orange-crowned Warbler c ; : : i ! { !
X Nashville Warbler o] ! ! S O N TRV [ | i !
N N ]
Parula Warbler - C | . -...}.- - | ! P -;-....-I |
Yellow Warbler B2-3, E \ { . . . — temad |
Magmeliz Warbler C i l - i ) \ - : ‘ ‘
Cape May Warbler c RN B T I S B i
Black-th'd Blue Warbler C P- S | | et - on - _i ‘ |
Myrtle Warbler c Lot ' | | e aed
' P 1 . '
T '
Audubon's Warbler c o ‘ ] R | !
Hack-th'd Green Warbler C | . . aadod
Cerulean Warbler c2 -%.-...- S I R N { 1 l "
R 1 1 0
T -
Blackburnian Warbler (o] - ' .
Hooded Warbler B4 ol [
Chestnut-sided Warbler B3 } L e T Py . { !
Bay-breasted Warbler c it ' : P!
HBack-poll Warbler [ . ! - .,-.;.-
Pine Warbler o} o ————ta ! sqmdepesmretene I
Lt : | i 1
Palm Warbler cB cpepieg L ! | , 1
Oven-bird B4 . - o i ]
Northern Water ~Thrush B3 - g [ | | ) ! : | )
. v | I ] i
Louisfana Water-Thrush B% | cocdeseratoncncboccnnteccondance Lo ! l
Connecticut Warbler B4 | R ! 1 o : i— il . { , {
Mourning Warbler B4 l —— Vo : . i |
; . ! ! 1
t . +
Yellow-throat A-3, Bl s . — — ‘ < | '
Yellow-breated Chat B2 | Joe, ’ | i i D Co P | |
Wilson's Warbler B3-4,C , —peem— ! ! ! , . : ;
Canida Warbler Cc 1 i ( ; i — § ' ‘ '
Redstart [ . i o
Engllsh Spacrow B .
7 I ; ;
: ‘ e e :
Bobolink DI [ - . T L. ‘ i
Fastern Mcadowlark D NS RO IR P [ ) PR . PR 8 i
Western Meadowlark D G R U R Y PR RGN PR O
_ e S Y S U PR Y -
Yellow-heotad fack hird A3 v C —teeee ;
Red- winged Blackbird A [ RS UG PR G R PR e ‘ . -
Orchard Oriole C3-4 I ..i... — |t l_ i l l l J ‘
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Table 4 (Continued),

Species Habitat | Jan. Feb. Mar. Apr. NMay June Tuly Aug. Sept. Get. Nov Dec.
g } T 1
4 Baltimore Oriole C l 'r 1r " : . BRI . I ; ' ‘ l
3 Rusty Blackbird C-1 PR N RN NS QU U DU S ] l - [ . i ‘ | bl . derepe
Brewer's Blackbird D |ef|=|a]alalc|~| = TRV N SN I S dic ;
i I © VY 1 1 v | [
= - . — "
Bronzed Grackle CDE |=4ebofopetafos— L ! i RN [ | ! .
Cowbltd BCDE |- - L A AR U D DA SR DU D
Scarlet Tanager c . . : ‘. —— . ! | | ’
Ld ) R = T — i |
Cardinal C s \ I : - i
Rose-breasted Grosbeak c ! ! - i [ — \ i
Indigo Bunting B-2.3 ] e T N I ) | ‘
I [ ! . ! P 1
] i | ! T
Dickcissel D-2 fedetedadadodondodldl Pl
4 Evening Grosbeak c |=|=|=|=l={=]=I=i=|=l=|=|-1=i= 1 W ] I O R P i
3 Purple Firch o] : - [ ) Ny ) Sy i -
T T :
3 . 1 T A —
Pinc Grosbuak L O C I C E e B e _|-J __{_-_ — e
Hoary Redpoll D, B-2 SO RS JURR (R (g Y _1_.-...1_!.... et | o tem | e § oo | ]
Redpoll D,B-2 - —
Pine Siskin PO 1% 5 1 00 B 9 QIS 0 B - L]
Goldfinch cs - S . , .
Red Crossbill G5 fuloo|m e e fm "II" [ e ] Pyl ol ey
! i | [ DU Py
) i i ) —
White-winged Crossbill C-5 ol (o fom fom [ oo [t om o [t ( | N e I
Towhee C - i 1.0
Savannah Sparrow D-2 - ! . il ) - T
! ; T
T
Grasshopper Sparrow D-3 -.-.-.-l-l-»._ ..l.-. P S S S -qL
Leconte's $Sparrow A3,D-1 - -.\—— || fom .._'.. PG R P _.j_...
Henslow’s Sparvow A3,D-1 JU U SO DR NN NG JUER DU JUN N R DU R DI R DU S
!
. i P P i (1
Nelson's Sharrow A3,D-1 e} | ’ je:e [ | | { ‘ 1
Vesper Sparrow D-3 £ . . — - [ PSS P l
Lark Sparrow C-4,D-3 l N S ALY PP O SRR PRI S, i | [
| [ [ L Lo L |
Slate-colored Junco C f|=dodebobldodana . I B v‘ ‘ ‘ .!_4,.;-'. - RPN
Oregon Junco C |=lmim]l === == = ‘i | } f ! ' i | i...!...............
Trec Sparrow B8,C-t |-a ol 3 STt : RO I ' ‘ i ‘ [ PEPUORELINS SHUNPEPS R
Chipping Sparrow B.C-5, F I NS . . e ot ;
Clay-colored Sparrow B-2, C-4 j 4-¢ oo | ; i
Ficld Sparrow B-2, C-4 ! —— ;
|
Harris's Sparrow B-3.C | ' i = (RS P . SO SR R . L e
Vhite-crowned Sparrow  B-3, C | LRI P i b D NI QU '
White- throated Sparrow c i—"b-‘\. ———te i : [ SRR NSRRI Y
| - : ! ! ' . .
Fox bparrow [d - ‘ cem "o P e - ;
Lincoln's Sparrow R-5, C ; I- | [T NENUIR I -- -4 ;
Swamp Sparrow A-3,B- 1 ole o e i peasde do e ] 1 ee
i ' i
$ong Sparrow A3 B1,5 Jes e o e —— ceret o
Laplud Lo spur D — .- . S P
’ Snow Bunting D e L IR , oo - i 1! Jeameete
[ L ' ‘
ADDITIONAL SPECIES i . | ll l | - | - L b o
Western Grebe A I . i ble ' o ! i ! ! . - P b
* ' bt P
Yeler Nistt Horon  A2-3,CI ) ! o D . C ) - ! | .
Western Tanager C 7 T : ol o . C ) ‘

" " A _.a NP 7 G WP TONSUA SIUPIPY
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Table 5. Water Quality of Mississippi River Measured at the
Intake of the Minneapolis Water Works in Fridley, 1973
Parameter Jan. Feb. Mar. Apr. May June July Aug.
Bacteria in Total 108690 11427Q 7850080 221300 117730 109400 67690 117270
raw water, Aver. 3506 4081 253228 7343 3797 3647 2184 2783
Most Prob. Max, 13000 17000 7160000 35000 13000 24000 7900 17000
No./100 ml  Min, 790 490 700 1300 170 450 330 170
Turbidity, Aver. 2.7 2,0 5.0 3.1 4,7 4,7 4,7 4.5
Jackson Max. 3.1 2.4 14.0 4.0 20 9.0 24 10
Turbidity Min, 1.9 1.5 1.9 2.5 2.9 3.3 3.3 2.2
Units
Calcium Aver. 119.4 125 96 106 107 107 104 94
Hardness Max. 126 135 124 113 135 116 116 102
in mg/1 Min. 112 119 69 95 94 101 100 85
as CaCOj
Bicarbo- Aver. 168 175 128 132 130 136 133 120
nate, mg/l  Max. 178 180 175 144 139 146 140 139
Min. 153 170 88 118 113 128 125 98
Alkalin- Aver. 168.2 179 132,5 144 140 146 148 135
ity, mg/l Max. 177 188 182 154 151 153 155 232
as CaCOjy Min. 155.5 172.5 91 126 125 134 137 120
oH Aver. 7.90 8.1 8.02 8.4 8.2 8.21 8.5 8.4
Max. 8.03 8.2 8.2 8.7 8.4 8.43 8.6 8.6
Min., 7.75 7.95 7.75 8.05 8.0 8.0 8.3 8.1
color Aver. 28 24 48.7 44 51 59 47.7 56
Max. 32 26 74 53 64 72 73 77
Min. 25 20 20 38 45 47 40 37
Fluoride, Aver. 0.15 0.12 0.14 0.15 0.17 0.19 0.18 0.17
mg/1 Max, 0.16 0.13 0.16 0.16 0.20 0.24 0.19 0.19
0.15 0.5 0.13 0.13 0.13 0.15 0.16 0.15
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Table 6. Turbidity, temperature and dissolved oxygen in the SAF Pools,

Pools 1 and 2 of the Mississippi River the the Lower Minnesota
River, November 1 and 2, 1973 (Colingsworth, Gudmundson and Weir)

*k
Depth  Turbidity Temp., DO,

Date Pool Transect in ft. FTU 0C ppm Remarks
1 Nov 73 USAF Hd. Nicollet Is. o' 4 4 8.5 8.67
12' (b) 4
AA* (Mid-ch)T 0' 4 8.0 8.04
12 (b) 4 8.0 7.70
BB (Mid-ch) o' 5.5 8.2 7.70
15' (b) 4 8.3 6.67
¢cC (E. ch) o' 18 8.2 6.65
10" (b) 2 7.7 7.00
€C (Mid-main ch) 0' 2 5.8 9,17
25'(b) 3 5.2 9.53
LSAF BB (R/B)fT o' 2 9.3 6.88 @Shiely
14" (b) 4 8.6 7.50
BB o' 2.5 8.7 7.17 1.5 Min after
14" (b) 4 8.0 7.00 Joaljim pushed
BB (Mid-ch) 0' 3 7.5 8.06 2 loaded barges
10! 3.5 7.0 7.28 u/s to '¢' yd.
BB 0* 3 8.2 6.83 Underneath
(®) 4 8.3 7.00 Stone Arch Br
1 0" 4 8.3 8.00 _ .
13' (b) 4 7.5 9.54 center
AA (Mid ch) o' 4 8.6 6.00 ~ 300' D/S
' 22" (b) 5 8.5 6.67 from LSAF Dam,
BB (Mid ch) o' 4.5 8.4 6.13 Mid ch.
18' (b) 5 8.3 6.20
cCc (Mid) o' 6 8.6 6.20
12' (b) 5 8.5 6.13
2 AA (Mid-main ch) 0' 4 8.6 7.50
18' (b) 5 8.6 9.33
AA (L ch mid) o' 5 8.6 6.34
10' (b) 6 8.5 8. 34
Minn. cC (Mid-ch) o' 42,5 9.3 6.18
15' (b) 56 7.0 8. 82 ,
2 St.P. ycht club o' 11 8.6 5.67 f
12' (b) 12 9.0 8.78
Mile 831.1 o' 9 9.0 6.17
15" (b) 9 8.9 6.17 3
BB o' 12 9.1 6.19 :
21" (b) 11 9.0 6.17
2 Nov 73 Minn. BB o' 17.5 7.1 12,84
11' (b) 19.5 7.8 14.00
CC - R/B o' 37 @R/B-no boat
o' 46 wake
- Mid ch o' 33 8.6 7.67
. @R/B~40 sec.
15' (b) 36.5 8.5 7.83 after own
boat wake (/2
| #(b) = river bottom depth + ch = channel tt R/B = right bank  ¢hroeele 20
from R/B)

‘*FTU = Formazine Turbidity Units; measured with a nephelometer.

i
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Upper St. Anthony Falls Poal (Continued)

Transect UAA, Mile 857.3 (Continued)

UAA ; Mid-stream; Spring 1973; Coarse sand; 10 to 11', 12.3 maximum depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Piptera- : Chironomidae Polypedilum 1 67.

UAA : Mid-channel; Summer 1973; Rocks, sand and gravel, 7' depth

Trichoptera Hydropsychidae Hydropsyche 22 64.
Chewnatopsyche 6
Ephemeroptera Potamanthidae Potananthus 2
Heptageniidae Stenonema? (damaged) 1
Coleoptera Elmidae 1
Dipter . Chironomidae Polypediluwa 2
Rheotanytarsus 12
Pentaneurini 9
Polypedilun (pupa) 1
Tantytarsini (pupa) 2
Chironominae (unident. pupa) 1
Empididae Hemerodroria? 4
Hemerodromia? (pupa) 2
Tipulidae (unident. larva) 1
Simuliidae Stmiuliven 2
Sirulien (pupa) 2
Chironomidae Fheotaryutarsus ? 1

(in case, attached just behind head to cervical membrane of
a Hydropsyche larva)
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Table 8. Benthic Animal Abundance (cont.),

Comparison of Spring and Summper Samples of Benthic
Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croxi Rivers and Mile

815.3 to 857.3 of the Mississipr® River (Continued)

MISSISSIPPI RIVER (Continued)

-Upper‘ St. Anthony Falls Pool (Continued)

Iransect UBB, Mile 855.7

UBB : Left bank; Spring 1973; no organisms in sample

UBB : Burlington Northern RR bridge; 3rd pier from L/B; Summer 1973; Sand,rocks;
14' deep :

Organisms Sample

Class or Order Family Genus per sq f{t Number
Ephemeroptera Caenidae Caenis 1 49,
Diptera Chironomidae Cryptochironomus 2

UBB : Mid~channel; Summer 1973; Medium coarse sand

Diptera Chironomidae Polypedilum 1 65.

UBB : Mid-channel; Summer 1973; Sand and fine gravel with some plant debris;
13.75"' depth

Diptera Chironomidae Paratendipes 1 54.

UBB : Right bank; Spring 1973; 4" d. chunk of cemet, very little f{ine sand,
medium coarse sand; 2.7' decp, 12 yards from right bank

Trichoptera Hydropsychidae Cheumnatongyche 22 5.
Hydropayche 5
Macroriemun 2
Diptera Chironomidae 2
Empididae 1
Coleoptera Elmidae 1
Elmidae (Adults) 3

UBB ; Right bank; Summer 1973; no organisms
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Table 8. Benthic Animal Abundance (cont.)
Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Upper St. Anthony Falls Pool (Concluded)

Transect UCC; Mile 854.4

UCC: E, Left bank only; Spring 1973; Fine sand (on shelf), hardly any sediments;
16' depth

Organisms Sample
Class or Order Family Genus per sq ft Number

Oligochaeta A 1 73.

UCC: FEkman, Left Bank; Summer 1973; no sample
UCC: Ekman, Mid-channel; Spring 1973; no sample

UCC: Ekman, Mid-channel; Summer 1973; Sand and gravel; 10' deep

Trichoptera Hydropsychidae Cheumatopsyche 2 53,

Coleoptera Elmidae 5

Diptera Chironomidae Stictochironomus 1
Polypedilum 1
Eukiefferiella 1

UCC; Mid- main channel; Summer 1973; Coarse sand with numerous small clam-
shells; 18,5 - 19' depth

Diptera Chironomidae Cryptochirononius
Polyredil-m

Paratcndipes

e N
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Table 8. Benthic Animal Abundance (cont.)

Comparbsun o Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Lower St. Anthony Falls Pool

Transect ILBB, Mile 853.4

LBB; Left bank; Spring 1973; 10 yards from left bank, and 325 yards from right
bank; medium coarse sand with silt, plant and shell fragments; 3' depth

Organisms Sample

Class or order Family Genus per sq ft Number
Diptera Chironomidae Polypedilum 3 69.
Fheotanytarsus 1

LBB; Left bank; Summer 1973; Sand, silt and pebbles; 3' deep

Trichoptera Psychomyiidae Nyctiophylax 3
Ephemeroptera Caenidae Caentis

Heptageniidae Stencnema 1

Coleoptera Elmidae 2

Diptera Chironomidae Diecrotendipes 8

Glyptotendipes 6

Polypedilun 2

Cryptochircnomus 5

Pseclrotanypus 1

Oligochaeta 5
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota dn lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Lower St. Anthony Falls Pool (Concluded)

_Transect LBB, Mile 853.4 (Continued)

LBB; Mid-channel; Spring 1973; A few pieces of bark, with Trichoptera larvae;
165 yards from Left bank and 155 yards from right bank, L guide wh

Organisms Sample
Class or order - Family Genus per sq ft Number
Trichoptera Hydropsychidae Hydropsyche 18 11.
Hydropsyche (pupae) 2
Cheunatopsyche 9
: Chewnatopsyche (pupae) 2
Philopotamidae Chimarra 1
Coleoptera Elmidae 1
Diptera Chironomidae Endochironomius 1
Microtendipes 1
Polypedilum 1
Chironominae (unident., very small
larva) 1

LBB: Mid-channel; Summer 1973; Sand and pebbles; 14' deep

Diptera Chironomidae Cryptochironomus 2

Oligochaeta 1

LBB: Right bank; Spring 1973; Modium sand and silt (little current); 100 yards
from right bank, 240 yards from left bank; 10' deep

Coleoptera Elmidae 1
Diptera Chironomidae Folyped?liea 17

Chironomus 1
Oligochaeta 11

LBB: Right bank; Summer 1973; no sample
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Table 8. Benthic Animal Abundance (cont)
Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continuad)

E MISSISSIPPI RIVER (Continuedl
: Pool 1

Transect 1AA, Mile 853.2

1AA . Left bank; Spring 1973; 62 yards from left bank and 127 yards from right

F bank; rocks with Trichoptera and 1 mayfly; 17.0' deep
‘ Organisms Sample
Class or Order Family Genus per sq ft Number
Trichoptera Hydropsychidae Hydropsyche 3 9.
Chewnatopsyche 8
Ephemeroptera Potamanthidae Po tanari thus 1
Diptera Chironomidae Polypedilum 2

1AA : Left bank; Summer 1973; no sample

1AA ;: Mid~channel; Spring 1973; no sample

1AA : Mid-channel; Summer 1973; Coarse sand and gravel, rocks, fine sand; 11.0'

depth
Ephemeroptera Caenidae Caenis 1 .
Potamanthidae Potamanthus 1 ;
B!
Ephemeroptera (Unident. damaged nymph) 1 U
Trichoptera Hydropsychidae Cheumatopsyche 3
Psycomyiidae (Unident, damaged 1
larva) _
Coleoptera Elmidae 2 i
Diptera Chironomidae Polypedilum 3 '
Cryptochironcnus 2
Tanytarsini 2
Pentaneurini 4

TE Bt A s i 0 At A Fr S I NAAADIRUIIIIONS ., - . | (I g oins - .
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Table 8. Benthic Animal Abundance (cont.)
Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the

A Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)
Pool 1 (Continued)

1AA: Right bank; Spring 1973; 20 yards to right bank and 145 yards to left bank;
Rocks with 1 mayfly nymph; 13.0' depth

Organisms Sample
Class or Orxder Family Genus per sq ft Number i
i
Trichoptera Hydropsychidae Hydropsyche 4 7.
Plecoptera Perlodidae Isoperla 1
Ephemeroptera Heptageniidae Stenonema 1
Diptera Chironomidae Polypedilun 1
Orthocladiinae (Unident. pupa) 1

1AA: Right-bank; Summer 1973; no sample

Transect 1BB, Mile 850.6

1BB: Left-bank; Spring 1973; 8 yards to spoil on left bank, 225 yards to right
bank tree; Rock, gravel, sand and silt; 5.5' depth

Trichoptera Hydropsychidae Cheumatopsyche 1 6.
Diptera Chironomidae Cryptochironomus
Oligochaeta Tubificidae 12

1BB : Left bank; Summer 1973; Fine sand, silt, rocks; 8.5' depth

Trichoptera Hydropsychidae Cheunatcpsyche 1
Diptera Chironcmidae Cryptochiroyomus 1
Oligochaeta 3

T e T P iy,
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
Macreinvertebrates Collected in 1973 in the

A Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Pool 1 (Continued)

Transect 1BB; Mile 850.6 (Continued)

1BB ; Mid-channel; Spring 1973; 135 yards to left bank, 76 yards to right bank
spoil and 54 more yards to base of bluff and tree; No record of substrate type;
15.5' depth

Organisms Sample
Class or Order Family Genus per sq ft Number
Coleoptera Elmidae 1 17.
Diptera Chironomidae Polypedilum 3
: Paratendipes 3
Ceratopogonidae ? (Unident. larva) 1
Pelecypoda (clams) Sphaeriidae Sphaeriwn 1

1BB ;Mid-channel; Summer 1973; No organisms
1BB; Right bank; Spring 1973; No sample

1BB ; Right bank; Summer 1973; No sample

Transect 1XX, Mile 851.1

1XX : Left bank; Spring 1973; No sample

1XX :Left bank; Summer 1973; 150' from left bank; Sand and a couple bark
fragments; 12.5' depth

Coleoptera Elmidae (damaged larva) 1 40.
1XX: Mid-channel; Spring 1973; no sample

1XX: Mid-channel; Summer 1973; Sand and bark fragments (pine), shecll fragments;
14' depth

Diptera Chironomidae Paratendipes 5 24,
Pelecypoda (clams) Sphaeriun 1
Gastropoda (snails) Planorbula (not alive)l
Oligochaeta 1




Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Pool 1 (Continued)

Transect 1XX, Mile 851.1 (Continued)

IXX ; Right bank; Spring 1973; No sample

1XX : Right bank; Summer 1973; 35' to right bank; Shell fragments and bark,
gravel and coarse sand; 15.5' depth
Organisms  Sample

Class or Order Family Genus per sq ft Number
Trichoptera Hydropsychidae Cheumatopsyche 1 19.
Diptera Chironomidae Cryptochironomus 5
Polypedi Lum 2
Pentaneurini 1
Pelecypoda (clams) Unionidae Actinonatas 1

Transect 1CC, Mile 848.0

1CC: Left~bank; Spring 1973; 20 yards to left-bank; Fine sand, few 1" stones,

sticks; 5.5' depth

Diptera Chironomidae Polypedilum 2 16.
Paraterndipes
Phacnopsecira
Cryptochivonomus
Chironomus

Psychodidae Psychoda

v NN W

Oligochaeta 1

1CC: Left bank; Summer 1973; 100' from left bank; Fine sand and silt, sewer
smell in sediments; 4.0' depth

Diptera Chironomidae Cryptochirconomus 1 46.
Chironomus 2
Polypedtilun 1
Oligochaeta 1
PR Vo PRI Y P VY TR W "'n e ol :x




| o2

Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic i
Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)
Pool 1 (Concluded)

Transect 1CC, Mile 848.0 (Continued)

1CC: Mid-channel; Spring 1973; No sample

1CC: Mid-channel; Summer 1973

Organisms Sample
Class or Order Family Genus per sq ft Number
Diptera Chironomidae Chironomus : 3 23,
Oligochaeta 2

1CC: Right bank; Spring 1973; No sample

1CC: Right bank; Summer 1973; No sample

Pool 2

Transect 2AA, Mile 847.4

2AA: East channel, Left bank; Spring 1973; 59 yards from left bank, 300 yards
from right bank; Rocks; 9.1' depth

Trichoptera Hydropsychidae Hydropsyche 3 10.
Cheunatopsyche 5
Hydropsychidae (Unident. pupae) 9
; (Damaged larvae) 2
. Psychomyiidae Polycentropus 1
Ephemeroptera Potamanthidae Potemanthus 2
‘ Diptera Chironomidae Phaenopsectra 1
Tanytarsini 3
Hirudinea (leeches) 1

2AA : East channel; Summer 1973; 15 feet from island; Rocks and coarse gravel;
3.5-5.0' depth

Coleoptera Elmidae
Hirudinea (leeches)

w =
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Pool 2 (Continued)

Transect 2AA, Mile 847.4 (Continued)

2AA :Rock Scrapings; Left channel, 15 feet from island; Rocks and coarse gravel
3.5-5.0' depth

o Organic.ns Sample
Class or Order Fami ly Genus per sq ft Number
Ephemeroptera Potamanthidae Potamenthus 1 34,
Trichoptera Psychomyiidae Polycentropus 1
Diptera Chironomidae Dicrotendipes ? 1

Chironomidae ? (unident. egg mass) 1
Hirudinea (leech) 1

2AA: Mid-channel; Spring 1973; No sample

2AA Mid-channel by lock; Rock scrapings; Summer 1973; Rocks encrusted with
algae, etc.

Diptera Chironomidae Polypedilum 1 59.
2AA: Right bank; Spring 1973; No organisms
2AA: Right bank; Summer 1973; no organisms

Transect 2BB, Mile 831,7

2BB: Left bank; Spring 1973; 30 yards from left bank; Gelatinous, with sand;

4.,5' depth

Diptera Chironomidae Polyped? Liom 71.
Phaeropsectra
Chironomus
Stitochironomus

Empididae (Unident. larva)

(e s

2BB: Left bank; Summer 1973; Mostly sludge, silt and organic clay; 1l1.1' depth

Diptera Chironomidae Procladius 6 35.
Oligochaeta 32




Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St.

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Contivued)

Pool 2 (Continued)

Transect 2BB, Mile 831.7 (Concluded)

Croix Rivers and Mile

2BB : Mid-channel; Spring 1973; 10 yards from right bank and 250 yards to left

bank; 23' depth

Organisms Sample
Class or Order Family Genus per sq ft Number
Plecoptera Perlodidae Isoperla 1 8.
Ephemeroptera Ephemeridae Pentagenia 1
Potamanthidae Potananthus 1
Coleoptera Elmidae 2
Diptera Chironomidae Xenochironomus 18
Pentaneurini 3
2BB : Mid-channel; Summer 1973
Diptera Chironomidae Chironomus 4 29.
Procladius 1
Chaoboridae Chaoborus 6
Oligochaeta 37
2BB : Mid-channel; Summer 1973
Oligochaeta 2 60.

2BB : Right bank; Spring,1973; No sample

2BB : Right bank; Summer 1973; No sample

e ————— e -
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Continued)

Miscellaneous Pool 2 Sites

Pool 2: Right bank of back channel, Newport Island; Sumner 1973

.. Organisms Sample
Class or Order Family Genus ‘ per sq ft Number
Diptera . Chironomidae Procladius 2 47.

Oligochaeta

Chute behind Island 2CC; Right-bank; Downstream from 827.7; Swmmer 1973; Clay,
silt and some sand; 4' depth

Oligochaeta (Many fragements) 47 28.

Nemertea (proboscis worm) 1
Mile 827.7 : Left bank backwater; Upstream from spoil; Summer 1973; Sand with
1/8" silt on top; 6.5' depth

Oligochaeta 2 63.

Grey Cloud Slough at twin £111; Summer 1973; Organic mud; 18' depth

Diptera Chironomidae Tanypus 2 31.
Chironomus? ‘ 1
Chaoboridae Chaoborus 7

Baldwin Lake; Downstream from spoil; Summer 1973; About 1" of silt on 2' deep
sand and mud

Diptera Chironcinidae Procladiusg 2 48,
Oligochaeta 4
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Table 8. Benthic Animal Abundance (cont.)

Comﬁarison of Spring and Summer Samples. of Benthic
Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi Rivers (Continued)

MISSISSIPPI RIVER (Continued)

Pool 2 (Continued)

Transect 2YY, Mile 821.4

Organisms Sample
Class or Order Fanily Genus per sq ft Number

2YY #'3A"; Spring 1973; 135 yards to right bank; Organic mud, much silt, some
fine grit; 3.2' depth

Diptera Chironomidae Psectrotanypus 1 1.
Procladius 9
Cryptochirononus 1

Oligochaeta Tubificidae 54

Oligochaeta . (Immatures and/or 23

small)

2YY #'3A"; Right-bank; Summer 1973; Soft mud; 3.5' depth

Diptera Chironomidae Procladius 1 36.

Oligochaeta 5

2YY #'3B"; Spring 1973; no sample

2YY !'3B"; Summer 1973; Soft mud; 3' depth

Diptera Chironomidae Procladius 3 41,

Oligochaeta

2YY: '"3C"; Spring 1973 Note: "3C" is mid-channel

Diptera Chironomidae Prozladius 19 15.
Tanypus 2

Oligochaeta 14
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Col'~cted in 1973 in the

Minnesota and Lower St. Croix River and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MISSISSIPPI RIVER (Concluded)

Pool 2 (Concluded)

Transect 2YY, Mile 821.4 (Continued)

2YY:"3C"; Summer 1973; Medium coarse sand with 1/8" silt layer on top; 12.5'
depth ' ‘

. Organisms Sample
Class or Ordex Family Genus per sq ft Number
Oligochaeta . 2 50,

Transect 2CC, Mile 815,5

2CC: Left bank; Spring 1973; 7 yards from left bank, 1 mile to right bank,

750 yards to upstream tip of Buck Island;Black clay mud (kept shape), sl
anaerobic; 15.5' depth

Oligochaeta 94, 14,

2CC: Left bank; Summer 1973; No sample

2CC: Mid-channel; Spring 1973; 155 yards from left bank; 3 tries and Petersen
dredge wouldn't trip, anchor came up with partly decayed leaves, sticks, large
branch and sludge attached; 28' depth

Diptera Chironomidae Procladius 8 68.

2CC; Mid-channel; Summer 1973

Diptera Chironomidae Procladius 8 27.
Oligochaeta 11

2CC: Right bank; Spring 1973; No sample

2CC: Right bank; Summer 1973; No sample
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St., Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MINNESOTA RIVER

Transect MAA, Mile M24.8

MAA :Left Bank; Spring 1973; No organisms

MAA: _Loftr bank; Rock'Scrapings; . Summer 1973; 40' from left bank; 1-2" silt
over gelatinous mud, smelled slightly of decay; 5.5' depth

Organisms Sample
Class or Order Family Genus per_sq ft Number
Trichoptera Hydropsychidae Chewnatopsyche 1 21.
Hydropsychidae (Unident. 1
: damaged pupa)
Coleoptera Elmidae
Diptera Chironomidae Glyptotendipes 9
Glyptotendipes (pupae) 2
Nematocera (Unident.
damaged pupae) 2
MAA: Mid-channel; Spring 1973; No sample
MAA: Mid-channel; Summer 1973; No sample
MAA: Right bank; Spring 1973; No sample
MAA: Right bank; Summer 1973; No organisms
Transect MBB, Mile M13.0
MBB : Left bank; Spring 1973; No organisms
MBB: Left bank; Summer 1973; 6' depth
Diptera Chironomidae Polypedilu 1 57.

P VPR 8 = Fy s [P YRR W O IS
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertcbrates Collected in 1973 in the

Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

MINNESOTA RIVER (Continued)

Transect MBB, Mile M13.0 (Continucd)

MBB : Mid~channel; Spring 1973; No sample

MBB : Mid-channel; Summer 1973; No record of substratc; 8' depth

Organisms Sample
Class or Order Family Genus per sq ft Number
Diptera Chironomidae Tanypus 2 25.
Procladius 5
Oligochaeta 11

MBB : Right bank; Spring 1973; 12 yards from right bank; 120 yards from left
bank; Coarse sand and clay pellets; 7.5' depth

Diptera Chironomidae Cryptochironomus 1 18.

MBB : Right bank; Summer 1973; Fine sand with clay lumps, silt layer on top;
3' depth

Diptera Chironomidae Cryptochironorus 1 18.

MBB: Right bank; Summer 1973; Fine sand with clay lumps, silt layer on top;
3' depth

Oligochaeta 1 51.

Transect MCC, Mile M3.0

MCC: Left-bank; Spring 1973; No organisms

MCC: Left-bank; Summer 1973; No sample




Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St.Croix Rivers and Mile

815.3 to 857.3 of the Mississippl River (Continued)

MINNESOTA RIVER (Concluded)

Transect MCC, Mile M3.0 (Continued)

MCC: Mid-channel; Spring 1973; No sample

MCC: Mid-channel; Summer 1973; Tine sand with shallow layer of silt; 12' depth

Organismns Sample
Class or Order Family Genus per sq ft  Number
Diptera - Chironomidae Procladius 2 30.
Oligochaeta 28

MCC: Right bank; Spring 1973; Ekman dredge (small amount of sand, much
water) 5 yards to right bank; 5' depth

Oligochaeta 1 72,

MCC: Right bank; Summer 1973; Clay silt and some sand; 4' depth

Oligochaeta 9 38.

ST. CROIX RIVER

Transect SAA, Mile SC24.8

SAA: Left bank; Spring 1973; 10 yards to left bank; Substrate not recorded;
9.5' depth

Oligochaeta 1 78.

SAA: Left bank; Summer 1973; No sample
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Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1973 in the

Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Continued)

ST. CROIX RIVER (Continued)

Transect SAA, Mile SC24.8 (Continued)

SAA: Mid-channel; Spring 1973; Substrate not recorded; 5.2' depth

3 Organisms S mple
Class or Order Family Genus per sq ft Number
Diptera Chironomidae Micropsectra 1 70.
" Ceratopogonidae ? (Unident. larva) 1
Oligochaeta 1

SAA: Mid-channel; Summer 1973; Clay and mud (organic?); 1 chironomid; 22'
depth

Diptera Tipulidae 1 22,
Chironomidae Xenochirononus 4

SAA; Right bank; Spring 1973; No sample 3

SAA: Right bank; Mid backwater; Summer 1973; Fine sand overlain with silt;
Middle of bay; 3' depth

Diptera Chironomidae Procladius 2 33.

Transect SXX, Mile §C16.0

SXX: Left bank; Spring 1973; 560 yards from left bank; Shallows; 10.3' depth
Ephemeroptera Caenidae Caenis 74,
Cruvtrclilroncniug

Diptera Chironomidac Potthastia

- N

Oligochaeta

SX¥X: Left bank; Summer 1973; Medium to fine sand, wood fragments and clam-

“ha 1), M{ddle of the bay; 7.5' depth
Chironomidae Cryptochironomus 1 43,
Chaobor{dace Chaoborus 1

i..-lllll..ll.lI..l..IIIIlIIIIIIIIIIII.IIII::::::..;:............- - -




Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1972 in the
Minnesota and Lowver St. Croix Rivers and Mile
815.3 to 857.3 in the Mississippi River (Continued)

ST. CROIX RIVER (Continued)

1
Transect SXX, Mile SC 16.0 (Continued)

SXX: Mid-channel; Spring 1973; 1000 yards from left bank, 180 yards from right
bank; Coarse red sand; 16.3' depth

} Organisms Sample
Class or Order Family Genus per sq ft Number
Diptera Chironomidae Polypedilum 1 75.
Stictochironomus 1
Paracladopc lna 1
Paracladopelina? 2

(very small)
Pelecypoda (clams) Pisidiun 10

Gastropoda (snails) Stagnicola ? 1
(very small)

SXX : Mid~channel; Summer 1973; No record of substrate; 15.7' depth
Oligochaeta 2 39,
SXX: Right bank; Spring 1973; No sample

SXX: Right bank; Summer 1973; No sample

Transect SBB, Mile SC 12.3

SBB: Left bank; Spring 1973; No organisms

SBB: Left pank; Summer 1973; No organisms

SBB: Mid-channel; Spring 1973; No sample

SBB: Mid=-channel; Summer 1973; No organisms




A-73

Table 8. DBenthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic
A Macroinvertebrates Collected in 1673 in the

Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 in the Mississippi River (Continued)

ST. CROIX RIVER (Continued)

Transect SBB, Mile (Continued)

SBB : Right Bank; Spring 1973; 1400 yards from left bank, 40 yards from right
bank; Clams, snails, gravel to 5", coarse sand; 11.5' depth

Organisms Sample
Class or Order Family Genus per_sq ft Number
Eggs (?) of unknown organism on pebble
Diptera Chironomidae Tanytarsini 2 4,

Oligochaeta Lumbriculidae

Nematoda (roundworms)

SBB: Right bank; Summer 1973; No sample

Transect SYY, Mile SC 6.4

SYY: Left bank; Spring 1973; Fine sand, sticks and plant debris; Backwater;

2,2 yards from right-bank; 3.0' depth

Diptera Chironomidae Cryptochironomus 3.
Chironomus
Paratenaipes
Psectrotanypus
Procladius
Micropsectra
Harnischia
Polypedilum
Cladotarnyturaus

(most very small)
Ceratopogonidae  Palpormyta 7

Oligochaeta Tubificidac

AP WO

pa

SYY: Left bank; Shallow; Summer 1973; Just downstream from Mo. and Kinnikinnick;

Sand with a little silt; 3' depth

Diptera Chironomidae Cryptochironomus 52,
Polypedi lun

Tanytarsini

N O HNDN

| Oligochaeta
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Table 8. Benthic Animal Abundance {(cont.)

Comparison of Spring and Summer Samples of Benthic
Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile
815.3 to 857.3 of the Mississippi River (Continued)

ST. CROIX RIVER (Continued)

Transect SYY, Mile SC6.4 (Continued)

SYY: Mid-channel; Spring 1973

Organisms Sample
Class or Orderx Family Genus per sq ft Number
Odonata Gomphidae (Unident. small 1 12.
' nymph)

Coleoptera Elmidae 1
Diptera Chironomidae Polypedilien 2
Cryptochirononus 2
Ceratopogonidae Palpomyia 1
Oligochaeta 123

SYY : Kinny mid-channel; Summer 1973; Medium to fine sand; 15.3' depth

Oligochaeta 1 44,

SYY: Right bank; Spring 1973; 12 yards from right bank; 1-2" stones, very
little coarse sand; Depth not recorded

Diptera Chironomidae 1 76.

Egg? (of a fish?) 1

SYY: Right bank; Summer 1973; About 30' from right bank; Rocks, pebbles, sand
and plant debris; 14.5-15' depth

Diptera Chironomidae Cluptotenadlipes 1 55.
Giyptoiendiyes (pupa) 1

Transect SCC, Mile

SCC: Left bank; Spring 1973; 30 yards from left bank, 700 yards from right
bank; 12' depth

Coleoptera Elmidae 1 77.

SCC: Left bank; Summer 1973; No sample




Table 8. Benthic Animal Abundance (cont.)

Comparison of Spring and Summer Samples of Benthic

Macroinvertebrates Collected in 1973 in the
Minnesota and Lower St. Croix Rivers and Mile

815.3 to 857.3 of the Mississippi River (Concluded)

ST. CROIX RIVER (Concluded)
Transect SCC, Mile (Continued)

SCC: Mid-channel; Spring 1973; No sample

Organisms Sample
Class_or Order Family Genus - _per sq ft Number
Diptera (Unident. 1 62.
fragments)
Oligochaeta 1

Nemertea (proboscis worm)

SCC: Right bank; Spring 1973; 5 yards from right bank; 1 rock 3" x 6" with

worm-like encrustations; 3.5' depth

Coleoptera Elmidae 1

SCC: Right bank; Summer 1973; No sample

66.
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates*of the Navigable Twin Cities
B Rivers, Collected on Standard and Special Transects in
1973, (Arranged alphabetically within phyla).

List of Abbreviations

AA,BB,CC Standard transects, in downstream order

XX,YY Special Transects, in downstream order

u,L,1,2 Upper and lower St, Anthony Falls Pools, and Pools 1 and 2,
respectively

M, S Minnesota and St. Croix Rivers, respectively

Spr Spring: April and May

Su Summer: August and September

D/S, U/S Dowastream, upstream
ch Channel

3 19, Serial number of sample

PHYLUM NEMERTEA Proboscis worms

2CC Su 28. sCC Su 62.

PHYLUM NEMATODA Roundworms

SBB  Spr 4.

PHYLUM ANNELIDA Segmented worms

Class Hirudinea Leeches
2AA  Spr 10. 20A L Ch 34, 2AA L ch Su 45,

Class Oligochaeta Aquatic earthworms
Family Lumbriculidae
SBB  Spr 4.

Family Tubificidae

2Yy Spr 1. 3yY Spr 3. 1BB  Su 6.

Unidentifiable oligochuetes

SYy Spr 12, LBB  Spr 13. 2CC  Spr 14, 2YY Spr 15,
| 1cC  Spr  16. 1XX Su 24, 1cC  su 23, MBB  Su 25,

1BB  Su 26. 2CC  Su 27. 2CC  Su 28, 2BB  Su 29.

MCC Su 30. 2BB  Su 35. 2YY Su 36, LBB Su 37.
MCC  Su 38. SXX Su 39. SYY Su 44, 1CC  Su 46.

*Benthic macroinvertebrates: bottom-dwelling nonmicroscopic animals without

l backbones.
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
Rivers, Collected on Standard and Special Transects in

1973. (Continued).
PHYLUM ANNELIDA Segmented worms (Continued)

Class Oligochaeta (Continued)
Unidentifiable oligochaetes (Continued)

2 Su 47, 2 Su 48. 2YY
SYY Su  52. LBB Su 58, 2BB
2 63. SAA  Spr  70. MCC
SXX Spr 74. SAA  Spr  78. 2YY

Immatures and/or small Oligochaeta

2YY Spr 1.

Su
Su
Spr
Su

PHYLUM ARTHROPODA Crustaceans, Insects and Spiders

Class Insecta Insects
Order Coleoptera Beetles

Family Elmidae

UBB Spr 5. 2BB Spr 8. LBB
LBB Spr 13, 1BB Spr 17. UAA
1AA  Su 32. LBB Su 37. 1XX
ucc Su 53. UAA Su 64. SCC

Oxrder Diptera Flies, Mosquitoes and Midges

Family Ceratopogonidae (?) Unident. larva
1BB  Spr 17,

Family Ceratopogonidac

Genus Palpomyia (?)

sYY Spr 3.

Genus FPalpomyia

LBB  Spr 13,

Family Chaoboridae

' Genus Chaoborus
2BB Su 29, 2% Su 31. SXX

Spr
Su
Su
Spr

Su

50.
60.
72.
41.

11.
20.
40.
66.

43.

MBB
Scc
vce

SYY

2AA
Scc

Su 51.
Su 62.
Spr 73,
Spr 12.
Su 21,
Su 45,
Spr 77,

*Special transect: 1n Grey Cloud channel at discharge from Mooers Lake.

A

—_— .y
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
B Rivers, Collected on Standard and Special Tronsects in
1973 (Continued)

: PHYLUM ARTHROPODA (Continued)
i Class Insecta (Continued)
) Order Diptera (Continued)
Family Chironomidae (?) Unident. larva
! SAA Spr 70.
' Family Chironomidae (?) Unident. egg mass
2AA 34,
Family Chironomidae Unident. pupae
UAA Su 20. UAA Su 64,
Family Chironomidae
Subfamily Chironominae
LB Spr 11.
Genus Chironomus
SYY Spr 3. .LBB Su 13. .1¢C Spr 16. UAA Su 20,
- 1CC Su 23, 2BB Su 29, 2% Su 31. 1CC Su 46.
Genus Cladotanytarsus
sYy spr 3.
Genus Cryptochironomus
2YYy Spr 1. SYY Spr 3. 1BB Su 6. SYY Spr 12.
1cC  Spr  16. MBB  Spr  18. 1XX Su 19, BB Su  26.
1BB Su 32, LBB  Su 37. ucc Su 42, SXX Su 43,
1CC  Su 46, UBB Su 49, SYY Su 52. LBB  Su 58.
SXX  Spr 74.
Genus Diameca
SYY Spr 76.
‘ Genus Licroteraipes (7)
2AA 34,
Genus Dicrotendipes
LBB Su 37.

*Special transect: 1in Grey Cloud channel at discharge from Mooers Lake.
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
B Rivers, Collected on Standard and Special Transects in
1973 (Continued)

PHYLUM ARTHROPODA (Continued)
Class Insecta (Continued)
Order Diﬁtera (Continued)

Family Chironomidae (Continued)

Genus Endochivonomus
LBB Su 11,

Genus Fukiefferiella
ucc Su 53.

Genus Glyptotendipes
MAA Su 21, LBEB Su 37. SYY Su 55.

Genus Harwnischia
SYY Spr 3.

Genus Micropeectra
SYY Spr 3. SAA Spr  70.

Genus Microtendipes
LBB Su 11,

Subfamily Orthocladiinae
1AA  Su 7.

Genus Paracladopelma
SXX Spr 75,

Genus Paratendipes
SYY Spr 3. 1cCc  Spr 16. 1BB Spr 17. 1XX  Su 24.
UCC  Su 42, UBB  Su 54.

Genus Pentaieurini
UBB Spr 5. 2BB  Spr 8. 1XX Su 19, UAA  Su 64.
1AA Su 32.

Genus Phacncrscetra
2AA  Spr  10. 1cC  Spr 16, 2BB  Spr 71.




} Genus
: UAA
LBB
1BB
LBB
ucc
UBB
SXX

Genus
UAA

Genus
SXX

Genus
2YY
2CC

2BB
2k%

T

Genus
2YY

Genus
UAA
Genus
UAA

Genus
ucce

Genus
2YY

Table 8.

Benthic Macroinvertebrates of the Navigable Twin Citiles

Benthic Animal Abundance (cont.)

A-80

B Rivers, Collected on Standard and Special Transects in

1973 (Continued)

Class Insecta (Continued)

Order Diptera (Continued)

Polypedilum

Spr 2. SYY
Spr 11. SYY
Spr 17. 1XX
Su 37. uce
Su 53. MBB
Spr 65. UAA
Spr 75.
Polypedilum (pupa)

Spr 64,

Potthastia

Spr 74,
Procladius

Spr 1. SYY
Su 27. 2BB
Su 35. 2YY
Su 48, 2CC
Pgectrotanypus
Spr 1. LBB

Rheotanytarsus (?)
Spr  64.

Fheotanytarsus
spr  20. LBB
Stictochironomus
Su 53. 2BB
Tanypus

Spr 15, MBB

PHYLUM ARTHROPODA (Continued)

Family Chironomidae (Continued)

Spr
Spr
Su
Su
Su
Spr

Spr
Su
Su
Spr

Su

Su

Spr

Su

12,
19.
42,
57.
67.

3.

29.
36.
68.

37.

69.

71.

25.

LBB
UAA
1cC
2AA
LBB

2YY
McC
2YY

SYY

UAA

SXX

2t

Spr
Spr
Su
Su
Su
Spr

Spr

Su

Spr

Su

Spr

Su

13.
20,
46.
59.
69.

15‘
30.
41.

64.

75.

31.

*Right bank in West channel, Newport Island, mile 831.0.
**Baldwin Lake.,
+Special transect:

1cc
1AA
SYy
UAA
2B3B

MBB
SAA
2%

Spr
Spr
Su
Su
Su
Spr

Su
Su
Su

in Grey Cloud channel at discharge from Mooers Lake.

9.

16.
32.
52,
64,
71.

25,
32,
47.




Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
Rivers, Collected on Standard and Special Transects in
1973 (Continued)

PHYLUM ARTHROPODA (Continued)
Class Insecta (Continued)
Order Diptera (Continued)

Family Chironomidae (Continued)

Genus Tanytarsini
SBB Spr 4, 2AA  Su 10. 1JAA Su 32. SYY Su 52,
UAA Su 64.

Genus Xenochironomus
2BB  Spr 8. SAA  Su 22,

Family Empididae (Unident. larva)
UAA  Su 64. 2BB  Spr 71.

Family Empididae
UBB Spr 5.

Genus Hemerodromia (?)
UAA Su 20, UAA Su 64. Both samples also contain a pupa

Family Nematocera (Unident. damaged pupa)
MAA  Su 21.

Family Psychodidae

Genus Psychoda
1cC  Spr 16,

Family Simuliidae (very small Jarvae)
UAA Spr 2,
Family Simuliidae

Genus Sirmulium
UAA Su €4.

Genus Stmilum (pupa)
UAA Su 64,

Family Tipulidae
SAA  Su 22,

Diptera (unident. fragment)
SCC Su 62,
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Table 8. Benthic Animal Abundance (cont.)

Benthic Macroinvertebrates of the Navigable Twin Cities
B Rivers, Collected on Standard and Special Transects in
1973 (Continued)

PHYLUM ARTHROPODA (Continued)
Class Insecta (Continued)
Order Ephemeroptera Mayflies

Family Caenidae

Genus Caenis

UAA Su 20. 1AA Su 32. LBR Su 37, SXX  Spr
UBB Su 49,

Family Ephemeridae

Genus Pentagenia

2BB  Spr 8.

Family Heptageniidae

Genus Stenonema

1AA  Spr 7. UAA Su 64. LBB Su 37,
Family Potamanthidae

Genus Potananthus
2BB  Spr 8. 1AA  Spr 9. 2AA  Spr 10. 1AA  Su
2AA 34, UAA Su 64,
Order Odonata Dragonflies and Damselflies
Family Gomphidae (Unident. small nymph)
SYy Spr 12.

Order Plecoptera Stoneflies

Family Chloroperlidae

Genus Hactaperla
UAA Spr 2.

Family Perlodidae

Genus Isoperla
1AA Spr 7. 2BB  Spr 8.

74,

32.
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Table 8. Benthic Animal Abundance (cont.)
Benthic Macroinvertebrates of the Navigable Twin Citiles
B Rivers, Collected on Standard and Special Transects in
1973 (Continued)
PHYLUM ARTHROPODA (Continued)
Class Insecta (Continued)

Order Plecoptera (Continued)

Family Perlidae

Genus Paragentina
UAA  Spr 2.

Genus Phasganophora
UAA  Spr 20.
Order Trichoptera Caddis Flies

Family Hydropsychidae

Genus Cheumatcpsyche

UAA  Spr 2. UBB Spr 5. 1BB Spr 6. 1AA Spr 9.
2AA Spr 10, LBB  Spr 11. 1IXX  Su 19, UAA  Su 20,
MAA Su 21. ucC Su 53. 1BB Su 26. 1AA Su 32,

UAA Su 64.

Genus Hydropsyche

UAA  Spr 2, UBB Spr 5. 1AA  Spr 7. 1AA  Spr 9.
2AA Spr 10. LBB Spr 11, UAA Su 20. UAA Su 64,

Genus lNacronenmm
UBB  Spr 5. UVAA  Spr 20.

Family Hydropsychidae (Unidentified pupae; some damagced)
2AA  Spr  10. UAA  Su 20. MAA  Su 21,

Family Hydropsychidae (Damaged or very irmature)
UAA Spr 2.

Family Philopotamidac

Genus Chimarra
‘ LBB  Spr 1l. .




 § l A-84

Table 8. Benthic Animal Abundance (cont.)
Benthic Macroinvertebrates of the Navigable Twin Cities

B Rivers, Collected on Standard and Special Transects in
1973 (Continued)
PHYLUM ARTHROPODA (Continued)
: Class Insecta (Continued)

Order Trichoptera (Continued)

Family Psychomyiidae

Y Genus Nyctiophylaz
{ LBB  Su 37,

Genus Polycentropus
2AA Spr  10. 2AA 34,

Order Trichoptera (Unidentified very small larva)
UAA Spr 20.

PHYLUM MOLLUSCA Snails and Clams
Order Gastropoda

Family Lymnaeidae

Genus Stagnicola (?) (Very small)
SXX  Spr 75.

Order Pelecypoda

Family Unionidae

Genus Actinongias
1XX Su 79.

Family Sphaeriidae

Genus Pisidiwn
SXX Spr  75.

Genus Sphaeriuwn

1BB  Spr 17. 1xX Su 24, N
EGCS (?7) of unknown crganism on pebble
l SBB  Spr 4.

EGG(?) of a fish
SYY Spr  76.
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10. APPENDIX B: ARCHAEOLOGICAL BACKGROUND INFORIMATION

Archaeological and bistoric sites of importance consist of such diverse
elements as prehistoric village sites, petroglyphs (rock pictures), burial
mounds, log cabins, forts, and so forth. Sites of significance may date fron
thousands of years ago to very recent times. Interest in studying elcments
of human histcry also varies as much with the times as intercst in studying

elements of natural history.
STUDILS IN THE LATE 1800's: THE LEWIS AND HILL SURVEY

Fortunately for our study now there was a strong interest in the late
19th Century in burial mounds; a massive study was pursued for approximately
20 years by Alfred J. Hill and Theodore H. Lewis. The extent of their work
is best understood by examining a few of their manuscripts, a few samples of
which are reproduced in this report. In 1928, Charles R. Keyes wrote of

their accomplishments:

"The great extent of the archaeological survey work accom-
plished by Lewis and Hill cannot be appreciated except through an
extended examination of the large mass of manuscript material that
has been preserved. This consists approximately of the following
forty leather-bound field notebooks well filled with the original
entries of the survey; about a hundred plate of mound groups drawn
on a scale of one foot to two thousand; about eight hundred plats
of effigy mounds (animal-shaped mounds from Minnesota, Wisconsin,
Towa, and Tllinois) on a scale of one foot to two hundred; about
fifty plats of "forts" (largely village sites of the Mandan type)
and other inclosurcs on a scale of cne foot to four hundred; about
-2 hundred large, folded tissue-paper sheets of original, full-size
petroglyph rubbings with from onc to six or wore petroplyphs on
ecach; about a thousand personal Jetters of lewis to I411; four
bound "kound Record” books made by lill and in his handuriting;
eight larpge, well filled scapbooks of elippings on archaevlogical
matters made by Lewis; numerous account books, vouchers, and other
miscellany...

"A gsingle sheet of summary found among the miscellaneous papers
of the survey, apparently made by Lewis, 1s eloquent in its signi-
ficance, Tabulated by years and place of entry the mounds alone
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that were actually surveyed rcach a grand total of over thirtcen ;
thousand -- to be exact, 855 effigy mounds snd 12,232 round mounde
and linears...

"The survey is quite full for Minnesota, vhere work was
done in all but three counties of the state, resulting in
records of 7,773 mounds, besides a number of inclosures...
much information was also gathered from the river counties
of Nebraska, Towa, Kansas, and Missouri. In Wisconsin the
survey touched more than two-thirds of all the counties, mostly ‘ )
An the field of the effigy mounds in the southern half of the
state, where the records supply dctail for no less than 748
effigies and 2,837 other mounds. Iowa was cxuplored most
fully in the northeastern counties as far south as Dubuque, |
yilelding data on 61 effigy mounds, 553 other mounds, and sev- '
eral inclosurcs. ...the survey yielded its richest results in '
Minnesota, the eastern parts of the Dakotas, northcastern
Iowa, and the southern half of Wisconsin...'" [Surveys were
also conducted in the Dakotas, Manitoba, Missouri, Febraska,
Kansas, Illinois, Indiana, and Michigan -- in 211, eightcen
states. ]}

"The strength of the survey consists, first of all, in
the dependability of Lewis as a gatherer of facts...he worked
as a realist, measuring and recording what he saw with pain-
staking accuracy and unwearying devotion... And the fact that
these surveys were made at a time when a large number of mound !
groups that have since disappeared, or all but disappcared, were |
still intact, gives the work of Lewis and 1lill and incalculable |
worth... So far as Iowa is concerned, something like half of
the antiquities of the morthcastern part of the state are re- i
coverable only frem the manuscripts of the Korthwestern Archaeo-
logical Survey..."

A typical description of the reporting format followed by Lewis and Hill
is reﬁroduced here:
[TN: MOUNDS IN DAXKOTA, MINNESOTA AND WISCONIIN]
3. OTHER HMOUNDS IN RAMSLY COUNTY, MINNESOTA

At the lower end of the Pig's Eye marsh alrcady mentioned,
there stood (April, 1868) an isolated mound, not situated on
the blufts, but below them, ncar t(heir foot, at the highest
part of the river bottom on the sloping ground half-way between
the military road and the road-bed of the St. P. & C. R. R.,
then in course of construction, and distant about three hun-

1 dred and fifty feet southward from the culvert on the former.
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It was in a cultivated field, and had itself been plowed over
for years; yet it still had a mean height of six and a half
feet; its diamcter was sixty-five feet, The top of it was only
thirty-one feet above the highwater of the Mississippi, a2ccord-
ing to the levels taken by the railvoad engincers. The location . *
of the mound, according to U. S. surveys, was on the N 1/2 of SE '
1/4 of Sec. 23, T. 28, R 22, and about onc nile north of Red

Rock landing. Mr. J. Ford, onc of the old settlers of the neigh-
borhood, said that a man named 0dcll had, some years previously,

dug into it far enough to satisfy his curiosity, as the discovery

of human bones clearly proved it to have been built for sepulchral -
purposes.

7. MOUNDS AT PRESCOTT, WISCONSIN.

At the ~:«gle formed by the confluence of the St. Croix
and Mississippi Rivers, on the eastern bank of the former,
1s the town of Prescott, Wisconsin. On May 13, 1873, three
hours' time was employed in making such recomnaissance sur-
vey as was feasible of the mounds which stretch along the
bluff on the Mississippi there. The smallest of them was
about twenty-five feet diameter and one foot high, and the
largest fifty-six feet diameter and four feet high, as nearly
as could be then ascertained.

Pictographs were common on caves along the Mississippi River bluffs.
Lewis and Hill recorded their locations and frequently the pictures them-
selves. Although specific reference was made to them in Houston, Winona,
Washington, and Ramsey counties in Minncsota and Alamakee and Clayton coun-
ties in Jowa, it would be unwise to assume that they were limited to these

locations.

Captain Carver, in 1766-67 explored a cave (in present day Rawsey County)

as being of "amazing depth and containing many Indian hieroglyphics appear-
ing very ancient." The cave, called by the Dakota "Wakan-tecbe", became a
popular tourist attraction in the 1860's. Railread coustroction was respon-

sible for its destruction by the 1880's.

PRESENT COHSIDERATIGHS

The difficulty, then, is not the absence of records of significant sites,
but rather that records of thousands of sites exist. And although archaeologists
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have resurveyed sone of the sites, vast areas have not been checked since
the original surveys. The farmer, in the course of clearing and farming
his land, is chiefly responsible for the destruction of the sites, and most

of the sites have by now been destroyed.
MINNESOTA

This section contains information on significant archaeological and

historic sites in Minnesota.

Background

This format evolved from prohlems encountered in developing an inventory
of sites. The listing of reasons for not doing so which follows is included

because it may shed some light on future problems also.

Original plans were made to provide an inventory of Minnesota archaeolo-
gical sites which lie in the study area. This idea was abandoned, however,
due to the following considerations:

1. The number of sites in close proximity to the river is
large and the amount of work required to review existing
records (beginning in the early 1800's) exceeds the
value of such an inventory in this report;

2. The records are known to be incomplete in many cases,
scanly for certain areas or incorrect so that reliability
of the inventory is questionable;

3. Many sites once recorded have been destroyed by the ac-
tion of others (not the Corps of Imginecrs) but the re-
cords have never been uvpdaied. Nor hon those ever been
a complete syotewatic inventory of archseological sites
in Minncsota.

4. In many cascs the location of sites piven is not suflfi-
ciently accurate to determine it the site is close enough
to the river bank to be thrcatened. 1In somec cases, where
the bluffs are close to the river bed, a vertical elevation
of many fecet may effectively remove a site from any threats
by water, dredge spoil, or construction. The records may
not show this,
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5. The Minmesota State Archaeologist is understandably reluc-
tant to publish for public consumption a list or inventory
of archaeological sites bceccause of risk of robbery, despoli-
ation, vandalism, or unauthorized unscicntific cxcavation.
Such cases have been known in the past. lowever, the State
Archacologist and his staff have expressced the willingness
and desire to assist Individuals or government bodies in
locating and identifying sites for preservation or excavation
before destruction.

Impact on Prehistoric Archaeological Sites

Because the files of the State Archacologist are located in the Twin
Cities, it was possible to cngage a professional archaeologist to investi-~
gate the current status of those archaeological sites in the Mississippi,
Minnesota and St. Croix River areas in Minnesota. The report by consultant

Jan Streiff is reproduccd here in its entirety.

A Report of the Impact of the U. S. Army Corps of Fneiuecrs on Prchistoric

Archacological Sites on the Lower Mississippi, Lower St. Croix, and Lower
& L PP 2L 3

Minnesota Rivers in Minncsota

By Jan E. Streiff, Archacologist, Department of Aunthropology, University

of Minnesota, Minneapolis.

Introduction. There are approximately eighty-five (85) designated
sites in the Corps of Engincers area under consideration {(i.e., the Missis-
sippl River from St. Anthony Falls to the MHinncsota-Tova border, the Minne-
sota River from Shakopce to Pike Island, and the St. Croix from above
Stillwater to Prescott). The information on these sites has been collected
since the late 1800's and all the data are 7il.d in e Archacology Labora-

tory at the University.

Although some of these sites have Lieen revisited since being recorded,
and a few have even been excavated, most have not been rechecked. Conse-
quently there are many unknown things about most of the sites listed in this

report. Ideally, a crew should have been sent out to resurvey the river

x
1
i
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valleys in question, to determine if sites formerly recorded are still therc

and, 1if not, how they were destroyed =-- particularly if by the Corps of Lngi-

neers.
Since such an on-site survey was impossiblce at this time, the written
records will have to suffice. I have organizcd the known sites into the

three categories shown below.

Classification of Sitcs.

Group I. These are sites definitcely known to have been destroyed by

Corps of Engineers' activities. There are nine (9) of these sites.

Group II. These are sites in the area under consideration which should
not be affected by the L.rps becausce they appear too high abouve the river
channels. Although th:v may never be flooded by raised water levels, they
should be kept in mind us possibly being destroyed by boriow activity,

dredging, etc. There = - six {6) of these sites.

Group IIL1. This is the largest group of sites (73) within the Corps
of Engineers' area. This is the group for which no definite classification
can be given. There are many reasons:

a. our site location description is too vague to determine
if the site is or was in danger.

b. sites which were destroyed, such as the mound groups at
Dresbach, but whcre we camnmot determine if the destruction
was carried out by the Corps of Engineers dam consfruction or
by some unrelated project.

c. sites, such as those on Pig's Eye lsland, which have not
been reexamined since recorded but are so Jocated as to
be assured destrucition by a fluctuation in the river level
or at least damas-d by cevosion b th river.  Anv drodpine
of the river und subucquent depositing or thwe debrls on the
nearby shore would undoubtedly cover the site.
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Conctusions. Although this report is rather inadequate to determine
the real iwpact of the Corps of Engineers on archacological sites (there
are still those 73 sites for which we have no information on Corps of hngi—.
neers' impact), it does point up the great need for future surveys along
Minnesota's three greatest rivers to determine what effect the Corps of b

Engineers will have on prehistoric sites.

The importance of these rivers to life was no less important to the
original Amcricans than it is to us today. And it is vital to the history
of the American lndian that an attempt be made, if not to preserve, then at
least to record the habitation and burial areas that are so numerous along

these waterways.

The Corps of Engineers can expect that the professional archaeologists |

in Minnesota will do everything possible to cooperate with them to see that

these ends are achieved.

February 1973

Bibliography.

Johnson, Elden. 1973. Personal communications with the State Archaeologist.

Minnesota Archaeological 8ite File. 1973. Archaeological Laboratory, De-
partment of Anthropolegy, University of Minnesota, Minneapolis.

Streiff, Jan. 1972, Roster of Excavated Prehistoric Sites in Minnesota to
1972, (Minnesota Preliistoric Archacological Series, No. 7) Minnesota
Historical Society, St. 'aul.

Winchell, Newton, H., ed. 1911, The Aborigines of Minnesota. Minnesota
Historical Society, St. Paul.

i
|
!
i
i




oIy G OGN e —

B-9

The effect of Conrps of Engincers' activities on archacological sftes in

Pool 1: . . -

Group T

Sites destroyed None

Group 11 .

Sites probably not affected Pool 1
(except by borrow) RA 5 129 R22

RA = Ramsey County
Group II1 T = Township

R = Range
Sites potentially destroyable Pool 1

RA 2 T28N R22W

Note: For the exact locations (sections, quarter sections, etc.) of the
above sites, contact: Jan E. Streiff
Office of the State Archaecologist
§-48, Ford Hall
University of Minnesota
Minneapolis, MN 55455
(612) 373-5560

National Register of Historic Places

Archaeological and Historic Sites in Minnesota in the Study Arca along the
Mississippi, Minnesota. and St. Croix Rivers Which Are Now Listed in the
National Register of llistoric Places

In 1966, the National Historic Preservation Act was passed., It provides

for comprehensive indexing of the properties in the nation which are signifi-
1 p
cant ip American history, architectwe, archovology, and wodern culture.,  The
J e [
Register is an officinl statement of properties which nerit prescrvation.
Several sites adjacent to the Mississippi, Minnesota «#nd St. Croix Rivers in
J 1 ’

Minnesota are listed in the latest (L972) cdition oi the National Register of

Historic PMlaces. Generally, these sites have not been destroyed or damaged

extensively by previous Corps of Engincers' activity, but must be considered

as possibly vulnerable in the future. None of these sites is located adjacent

to Pool 1.

S ————————




Glossary

acre-foot - the quantity of water required to cover an acre to a depth of 1
foot. It is equivalent to 43,560 cubic feet.

alluvial material - sediment, usually sand or silt, deposited on land by flow-
ing water.

aerobic - an environment in which free oxygen is present.

anaerobic - an enviromment in which free oxygen is lacking.

aquifer - a water-bearing layer of porous rock, sand, or gravel.

backwaters - a term often divided now into sloughs and lakes and ponds ad-
joining a river.

benthic ~ pertaining to the bottom of a body of water.

benthic invertebrates ~ animals lacking a spinal column living in the ben-
thic zone.

BSFW - Bureau of Sport Fisheries and Wildlife (U. S. Department sf{ the In-
terior).

channel - a natural or artificial watercourse with definite bed and banks
which confine and conduct f{lowing water,

cfs -~ cubic feet per second, used as a measure of rate of watcer flow in a
river.

chute - sloping channel or passage through which water may pass.

closing dam - low dam extending across a side channcl, These were constructed
to divert water from side channels to the main channel during low water
periods to maintain water sufficicnt for navigation.

coulee - steep-sided tributary valleys, conmenly used in Ulisconsin,

deciduous ferest - forest dominatcd by broad-leaved trees which lose their
leaves ecach autunn.

discharge (rate of flow) - the quantity of water passing a point in a stream
channel per unit of time, normally measured in cubic feet per second (cfs).

drainage area -~ the land area drained by a strcam above a specified location
on the stream. Measured in a horizontal plane, it is so enclosed by
higher land (a divide) that direct surface runoff from precipitation nor-

3 mally drains by gravity into the stream above that point.
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drawdown = a process of lowering the water level of an impoundment.

Driftless Area - the portion of southwestern Wisconsin, southeastern Hinncewota,
northeastern lowa and northwestern I1linois which was virtually un-
touched by the last advance of the Pleistocene glacicrs (i.e., Wisconsin
Glacier). 1t is thought by many that it was never glaciated.

flood - a temporary rise in streamflow and watcer level (stage) that results
in significant adverse effects in the vicinily under study.

flood peak -~ the highest valuec of water level or streamflow attainced by a
flood.

floodplain - the relatively flat lowland adjoining a watercourse or other
body of water subject to overflow thervefrom.

FIU - Formazine Turbidity Units - arbitrarily defined units used as standard
for meosuring water turbidity, currently recommended by APHA, et al., 197i.

gaging station - a site on a stream, canal, lake or rescrvoir wvherc systenatic
observations of water-surface clevation or etreamf{lov (discharpe) arc ob-
tained.

hunus - the surface layer of soil combining partinlly decomposed organic
matter and mineral particles.

JTU - Jackson Turbidity Unit - arbitrarily defined units used as a standard
for measuring water turbidity.

lake and pond ~ open arcas with little or no current. They are formed be-
hind dams, or on mature floodplains as a result of first scour, then
abandonment, by the lowered river.

littoral - the shore zonc of a body of water.

macroinvertebrates - collectively, all invertebrate organisms visible with
the unaided cye.

main channel - tha poriion of the river used for navication by larpe commer-
cial craft. A winimum depth of 9 feel and a minivum width of 200 ~ 400
feet were established by the lock and dam system and ave maintained by
periodic dred;ing. ’

main channel border - the water zone between the main channel boundary and
the main river bank, islands, or now submerged channel boundaries., Wing
dams are located in this zone,

mesic - a type of vegetation which develops under moderate moisture conditions.

moraine - an accumulation of carth and stones carried and finally deposited
by a glacier.
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MPN/1 - most probable number per liter - an estimate of bacteriasl abundance
(See Mcthods, Appendix AL).

MRRC - Mississippi River Rescarch Consortium
MRRPC - Mississippi River Rkegional Planning Cowmission
mussels - clams, bivalves of the Phylum Mollusca.

outwash - glacial till rcworked and sorted into sand and gravel, etc., by
meltwater.

pedalfer soils - well-leached soils; soils that lack a more or less hardencd
layer of accumulated carbonates.

pedocal soils - soils that develop under approximatcly equal precipitation
and cvaporation conditions; soils that contain a definite more or less
hardened layer of accunmulated carbonates,

physiography - a branch of science that deals with the physical featurcs of
the carth.

phytoplankton - collectively, all those plants suspended in and on the sur-
face of the water, usually microscopic.

piezometric surface - surface to which water of a given water-bearing rock
unit will risc under its own pressure balance; an artesian water table.

plankton - f{rec-floating plants and animals drifting in the water, usually
microscopic.

podzolic - light-~colored acid soil developing under coniferous forests, in
cool, humid regions; result of leaching and removal of soluble minercls

from the top lsver into the deep layers.

riprap - rock fortifications on banks or shores which protect them from ero-
sion by disgipating the energy ol vaves and wakes.

River Mile - wmilcs cbove the entrance of the Ohio River at Calro, 11llinois
measured on the river,

river stage - the elevation of a particular river sunface,

roller gates ~ movable gates of dam; horizoutal cylinders on inclined tracks
which can be adjusted to affect water flow and its level.

rookery ~ the nests and breeding place of a colony of birds; the colony of
birds.

runoff in inches (in.) - the depth to which the drainage arca would be covered
if all the runoff for a given time period were uniformly distributed on it.
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savanna - grassland with trces spaced so far apart that their crowns aro sepa-
rate and the grass rcceives dircct sunlight.

side channel - departures from the wain channel or main channel border. At
normal river stage, a current occurs in these channels. .

slough - body of water through which there is no current at noymal river stage
Muck bottoms and an abundunce of submergent: and energent vegetationrarc o
characteristic. The slough category lies somevhere between the side chan-
nel and lake and pond categories.

spoil - waste material removed in making an excavation.

stream{low, discharge - the volume of water passing a point, per unit time,
measured in cfs or in cubic meters per second.

tailwaters - water areas immediatcly below the dams. They are affected by
the movement of water through tlie gates and locks, and they change in
size in response to changing watcer levels.

¥

tainter gate -~ movable gate of a dam which is a horizontal cylinder segment
mounted on a steel framework attached to a horizontal downstream rod so
it may be adjusted up and down to affect water flow and its Jevel.

thermocline - a layer in an incompletely-mixed body of water where the tom-
perature during the summer drops vapidly (more than 1°C. per meter) as
the thermometer is lowered.

till - unsorted rock, sand and gravel deposited by the melting of glacier
ice,

UMRCBS ~ Upper Mississippi River Comprehensive Basin Study.
UMRCC - Upper Mississippi River Conservation Committee.
watershed ~ drainage basin or drainoge area.

weathering - the geologic process of decomposing rocks by the action of the
forces of weather.

wineg dams - low struaturces coxtendine radially frop shore into the river for
varying disrences to constyict Jow wiier Llove, They were coastiuciod
of rocks and brush mattreuses to establish a decpor wain chanacl.

zooplanktonic - pertaining to tha mnimal life of plavhten.







